

















‘2 THOUSANDS OF MISCELLANEOUS PARTS 


A" DRY CYANIDED 


® IN THIS ‘Surface’ BATCH-TYPE 
o yg HIGH-PRODUCTION FURNACE 





Surface’ RX Gas Atmos- 
phere enriched with 
natural and ammonia gas. 








quenching. Occupies or 
144 square feet of 


24-HOUR PER DAY OPERATION 

ESTABLISHES RECORD PRODUCTION 

FOR INDUSTRIAL HEAT TREATING 
COMPANY, TOLEDO, OHIO 


Ina commercial heat treating shop the furnace equipment must 
be flexible to meet the varied demands of batch heat treatment 
ind provide mass production economy This ‘Surfa } 
T'vpe High Pro fior ry sfailation meets a 
juirements for Dry (Gas) Cya ng, Gas Carburizing 
Restoration (Skin Recover Homogeneous Carburizatior 
Hardening r Gen He Trea r : 4 

This ‘Surface we requires & minimum investment fo i WRITE FOR BULLETIN SC-145 
each pound of capacity case dry (gas) cvanmiding can be - 7 Dry Gas Cyaniding in ‘Surface’ Con 

n on nt per pound of r . 


done for less tha tinvous and Batch-Type Furnaces 


f burden an No obligation 


SURFACE COMBUSTION CORPORATION ® TOLEDO 1, OHIO 
a Stein & Rouboia, Paris FOREIGN APPUIATES British Furnaces, ltd, Chesterfield aa 


FOR: Gas Cart g and Carbon Restorat Skin Recovery), Homogeneous Corburi- 

zation - i Bright Atmosphere Hardening, Bright Gas-Normalizing and Anneal- 

a ing, Ory (Gos ding, Bright Super-Fast Gas Quenching, Atmosphere Malleab n 
4 At sphere F 3g. Gos Atmosphere enerators 
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As I was saying — 


\ ERRY CHRISTMAS to all of you from all 
of us 

There are 20,142 of you and there are 34 on 
the staff, so that makes 684,828 good-will mes 
sages on this page The power of the printed 
word is surely great 

Right after Thanksgiving we start using the 
@ Christmas stationery. It has the holly leaves 
ind berries on the lower left-hand corner and 
really we all find it a great pleasure to sign the 
mail in the Spirit of the Season. When the @ 
was young and had few members the Society 
sent Christmas cards to all of them, but the 
custom was discontinued as it seemed like send 
ing greetings to themselves. The Past-Presidents 
and present members of the Board of Trustees 
still rate a Christmas reminder of something 
from the farm, either a side of hickory-smoked 
bacon o1 if the sugar bush is productive a 
can of Sunnimoor maple syrup Each recipient 
supplies his own pancakes 

The vear 1950 has been a wonderful one for 
vour Society The regular services have been 
continued and improved Vetal Progress has 
increased its editorial staff as well as its scope 
still the engineering magazine of the metals 
industry Transactions has increased the num 
ber and quality of its articles; Metals Revieu 
has not only kept you informed of chapter 
doings but told you about ten thousand articles 
on your favorite subject that were published in 
four hundred journals the world over; the 
‘Metals Handbook’ with a distribution = of 
, 8 copies, has vet to receive a letter of 
criticism either about the text or the index; the 
$2nd Congress and Exposition held in Chicago 
in October proved to be a grand success 

There were other services like books, pre 
prints, employment, chapter meetings, educa 
tional courses, aids to teaching and many others 
which if T remarked upon, deservedly, you might 
think IT was “bragging” about the @ Well 
am I? And there's one nice thing about this 
Whole picture and that is that the members’ dues 
have remained the same since the organization 
of the Societs lrulv: The Engineering Societys 
of the Metals Industry 

So at this Sezson we all have much for 
which to be thankful our family, friends 
health, jobs md added to these personal 
factors, a satisfaction in knowing that we are 
joining with others in the upbuilding of the 
profession to which we belong 

So, let's have Merry Christmas 


lly 


Yt an 
Nhl 
vCA 

W. HH. Ersennea Secretary 
Ameri Society for Metals 








ONCE THEY WERE T WINS 


... but see the difference 
after 10 months’ service! 





THIS CLOSE-UP shows cracked condition of standord 35% Ni 
Cr. analysis tray on left... compared to THERMALLOY * “588” tray on 
right. Both were in identical service for a | O-month period. THERMALLOY 
“58B” was recommended by Electro-Alloys engineers to improve service 


life for this application. 


The heat treat trays shown above were part of 
an order supplied to a large automotive manu- 
facturer by Electro-Alloys. On the left is a tray of 
standard analysis (35°; Ni.—15°, Cr.) which 
had been specified and used by the customer 
for some time. On the right is a tray of special 
analysis—THERMALLOY “58B”—recommend- 
ed by our metallurgists after a careful study of 
the job requirements. 

At our suggestion, a split order was placed 
on a trial basis. The pictures, taken after 10 
months in carburizing service followed by an 


oil quench, tell their own story. Standard trays 
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(left) had failed completely. They were badly 
checked and showed “growth” of as much as 
% of an inch on one dimension. Trays of 
THERMALLOY “58B” (right)—with exactly 
the same amount and kind of service—barely 
showed signs of use. There was no checking or 
cracking and “growth” was scarcely measurable 

Here's proof that expert metallurgical knowl- 
edge can make a substantial difference in the life 
of heat treat parts. To put such knowledge to 
work for you, just phone your nearest Electro- 
Alloys office, or write Electro-Alloys Division, 
1983 Taylor Street, Elyria, Ohio 


"Reg. U.S. Pat. Of 


ELECTRO-ALLOYS DIVISION 


ELYRIA, OHIO 
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LATROBE - 


DESEGATIZED BRAND* 


HIGH SPEED STEELS 


Hi CARBON - HI CHROME DIE STEELS 





LATROBE ELECTRIC 
STEEL COMPANY 


LATROBE, PENNSYLVANIA 


Branch Offices and Warehouses 
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Major Advance in Electric Control 
Increases Production From Industrial Operations 
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Tumble solids or mix liquids in almost any container with 


\ thu, Rampe Tumbler-Mixer 


* 
Tilts thru 90 degrees 
* 
Anti-friction bearings 
* 
Saves time, space, expense 
a 
Portable for easy moving 
* 


SPECIFICATIONS: 


Tumble or mix many things with the Rampe Universal 
Portable Tumbler-Mixer. This low-cost, space-saving 
machine tilts in a full 90-degree arc so that you can 
tumble your work at the proper angle for best results. It 
enables you to keep your tumbling near your work, 
saving time and unnecessary transportation. Motor—1/6 H.P., 110 


phase; 8-foot 
Its adaptability is due to the adjustable turntable clamps stop switch 
that strongly grip standard and oddly shaped containers 
The clamps easily hold a five-gallon pail, wooden box, 
can, jug, stone jar, laboratory beaker, or containers of 
most any other shape that you may have in your labora 
tory. Small shops, experimental departments, chemical 
plants, laboratories will find the Rampe Tumbler-Mixer 


H-51610 — Ra: 
ideal for their purposes Tumbler-Mizes 


HARSHAW SCIENTIFIC fuser: 
DIVISION OF THE HARSHAW CHEMICAL CO +++ HAR cee 
CLEVELAND 6 OHIO 


Cleveland 6, Ohio . . 1945 East 97th St Detroit 28, Mich. . . 9240 Hubbel! Ave Los Angeles 17, Calif., 609 South Grand Ave 


Cincinnati 2, Ohio 224-226 Main St Houston 11, Texas 6622 Supply Row Philadelphia 48, Pa., Jackson & Swanson St: 
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LEHIGH H PRODUCES 20,000 PARTS 
DAILY FOR VENETIAN BLINDS 
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Detective Work Needed 
When Dies Fail 


Dies re mad rom the right tool 
t-treated w Il st ind 
limits 


eliable 

blanking preces 
1. and the clear 
igned accordingly 


vered to the shop 


Fresh water is all right 
jor chasers. but don't use 


uw fe quenching tools 


Fresh wate regardless of its source 
which make it 


quenching of tools 


contains dissolved gases 
unsuitable for the 

When tools are quenched in fresh water 
gas is liberated at the surface of the tool 
Gas pockets thus 


contact betweer ool and water to an 


formed may prevent 


extent that soft spots are produced as a 
result of ineffective quenching. Soft spots 
ire undesirable. not only because of their 
low hardness, but because 1 quench 
which produces soft spots is alse likely 
to cause crac king of the tools 

Soft spots, and tool cracking associated 
with soll spots, car be avoided by quench 
ing in water which has been boiled to 
remove dissolved gases. If the water can 
not be boiled, quench a large amount of 
hot “dummy” material t 
It is preter ible to 


expel the gases 
sea i) pet brine solu 
tion instead of water as a further pre 
caution against soft spots. Care should 
ilso be taken t expel dissolved “es 
from the brine solutior 


7a 
STEEL 


Typical! brake die assembled ir 


Bethiehem Broke e Stee e 


Sheet-Metal Brakes Call for 


Special Brake-Die Steel 


Among those people who have sheet-metal 


brakes in their shops are a few who are 
accustomed to using just any old steel for 
their brake dies. They find that they can 
get a cheap steel to use for this purpose 
and they see no reason for paying a 
higher price 

In the long run, these folks will pay a 
steel by the 


time they get through fussing around wit! 


fancy price for the “cheap 
it, doctoring up the ordinary steel to take 
out the twists and bends. Shop overhead 
and costs run high these days 

Bethlehem Brake Die Steel is really 
tops tor its special pur pose job 

We stock this steel in standard sizes 
in our Mill Depot. It's carefully heat 
treated, vil-quenched and tempered, then 
traightened and stress-relief annealed to 
prevent warping when it '« 
the die-maker. It's 


easily and to give long wear in service 


machined by 


engineered to machine 


The maker of brake dies can machine 
this fine steel to accurate contour and 
not have to worry about whether or not 
it's going to stay straight. It's economical 
to make up inte dies because it's heat 
treated, ready for use without any further 
hardening 

Like to know more about it? Write for 
Folder 560, addressing our nearest sales 
ofhee or our Publications Departme nt at 
Bethlehem. Pa 


AS 
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Bethlehem | ’ Tool Steel 


"Ese 





| | | 
Customers state... i 


Products veld pyramidal savings... 


1. Finished machine parts 





SS 


2. Heavy-duty oil-cushioned, self-lubricating bearings 


SAVINGS in 


3. Permanent filters — ? Unit Cost 
Assembly Cost 


Capital Investment 
Burden « Floor Space 


4. Heavy-duty oil-cushioned, PLUS 
self-lubricating cored Quality and Service 
and bar stock Engineering Insurance 


PLUS 


(Nationwide and Canada) 


Field Engineers 
Distributors » Dealers 
24» Bearing Depots 


ot 
4 ao 
» MANUFACTURING 


COMPANY 


5. Friction units 


SUBSIDIARY OF CHRYSLER CORPORATION 
DETROIT 31, MICHIGAN 
Contact your local Oilite field engineer or the home office 


Vetal Progress: Pave 7 





Think of HWKEL 


FOR THE FINEST FORGINGS 


a is a 14,560 pound hydraulic steering ram for an ocean 


passenger liner. It started as a 54” ingot of SAE 1045 steel weighing 54 tons 


cong 


In the skilled hands of Fink] craftsmen, it was heated and forged ; iso-thermally 
annealed; fully annealed; preliminary rough machined; heat treated and 
then final rough machined. When shipped it was 16’2” long with an O.D 
of 26” and a 21'2” bore. 

As with all Finkl jobs, skilled and experienced men take nothing for 
granted. Each step is carefully planned and checked. The most modern meth 
ods and machinery are employed to create these Fink! forgings. The most 
up-to-date heat treating shops and testing equipment as well as laboratory 
procedures guarantee the best steel for the job and the best job from the steel 

Finkl engineers know steel and its application. Their knowledge and 


suggestions are available to you. Call or write when you want to talk forgings 


A. Finki & Sons Co. 


2011 SOUTHPORT AVENUE + CHICAGO 14 


DIE BLOCKS & INSERTS « PISTON RODS & RAMS « SOW BLOCKS « CRANKSHAFTS 
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Is Heat Shock WARPING 














Vie extreme flexibility of these PSC 
jointed trays prevents self-destruction from warping 
and cracking. Most frequently used in roller or rail 
type brazing furnaces, these PSC units are recom- 
mended for use wherever higher-than-usual temper- 
atures cause tray trouble. They are now standard 
with over a score of the largest automotive and 
metal-working firms. 

PSC flexible trays are made in any length or 
width by assembling sheet alloy channels with tube 
In addition to flexibility, their light weight 
is another important source of operating savings. 


spacers. 


By eliminating many pounds of production-losing 
weight, PSC sheet alloy trays cut fuel costs and 
brazing cycles. 

The unit pictured above, fabricated of Inconel, 
is 24 x 36 in., weighs®about 50 Ibs., and handles 
loads up to 80-90 Ibs. However, we have made these 


trays in a dozen different sizes, and in as many differ- 
ent modifications of design to suit specific applica- 
tions in brazing and other heat-treating operations. 

As pioneer of light-weight sheet alloy heat- 
treating equipment, we offer you a wealth of ex- 
perienced engineering assistance. The services of 


our technical staff are freely available. 


Light Weghi Weat-Treating Equipment for Every Purpose 


Carburizing and Annealing Boxes 
Baskets . Trays - Fixtures 
Muffles - Retorts . Racks 
Annealing Covers and Tubes 
Pickling Equipment 


Tumbling Barrels . Tanks 
Cyanide and Lead Pots 
Thermocouple Protection Tubes 
Radiant Furnace Tubes and Parts 
Heat, Corrosion Resistant Tubing 


PSC standard or special heat-treating equip- 
ment is furnished in any size or design. We fabricate 
the complete list of alloys, permitting you to choose 
the metal that is “alloy right” for your heat and 
corrosion 


requirements. Send blue prints or 


write as to your needs. 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, 


PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 


OFFICES 


IN PRINCIPAL CITIES 


Vetal Progress: Page 796 





Qaatity is no longer synonymous with expensive 
Modern produc thon me thods, aided by creative 
instrumentation, have increased quality of products 


while low ering production costs 


Sunbeam “Master” products are a good example 
of high quality at low cost. Production economy 
is made possible with a Sunbeam-Stew art Brazing 
Furnace, with controlled atmosphere. Here. a 
wide variety of products, in all sizes and shapes 
are mass produced, Assemblies weighing, ax litth 
as a fraction of an ounce up to several pounds are 
speedily copper brazed, silver soldered ow bright 
annealed. It's a critical operation and only logie al 
that Llectront Ak controllers should guide its exact- 


ing heating and cooling requirements 


On each of the two temperature zones of the 
furnace. an Llectronih controller guides and holds 
the heating and cooling eyecles to precise time and 
temperature tolerances. The pertect treatment 

afforded by this modern electric furnace, with the 
help of Llectronik controllers, is dhustrated by the 


top-quality products in the Sunbeam line 


Call in vour local Honeywell engineer for a dis 
cussion of vour utilization of Llectronih con 


trollers. He is as near as your phone! 


Minvearous-Hoseywent Recttatron Co., In- 
dustrial Division, 4503 Wavne Ave... Phila. 14. Pa 
Offices in more than 80 principal cities of the 


L nited States, Canada and throughout the world 


Honeywell 


BROWN INSTRUMENTS 
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Another of the Jobs* that Stainless Steel does BEST 


. = = 
Chemidal-Cegtainers 


s 


ed 


that iP 


OR YEARS and years, commercial acids and Like so many other applications for Allegheny 
pete “bad” chemicals were shipped in glass Metal, therefore, these chemical containers are 
carboys protected up to the neck by unwieldy important to the national economy. Stainless 
wooden crates. At very first glance, you will see steel is a vital material, both in 


essential in- 
how these modern stainless steel chemical con- 


dustrial uses and in the building of armament. 


tainers were vast improvements in strength, safety @ Let us help you to use it wisely and well, to get 


and ease of handling, but there were other im- 
portant advantages. 

For one thing, each stainless drum holds 25% 
more acid by volume than a carboy, yet weighs 
some 10% less when filled. The saving in freight Complete technical and fabricating data—en- 
rates alone, every time the drum is shipped and gineering help, too—-are yours for the asking from 
returned, is more than 30%. In addition, the 
stainless container is designed to self-stack, solidly 
and securely. A two-high stack of drums, com- 


the least possible wastage per ton. Our engineers 
are at your service. 


* - * . 


Allegheny Ludlum Steel Corporation, Pittsburgh, 
Pa.... the nation’s leading producer of stainless 
steel in all forms. Branch Offices are located in 
principal cities, coast to coast, and Warehouse 
times as much gallonage per square foot of floor Stocks of Allegheny Stainless Steel are carried by 
space in a freight car, truck bed or warehouse. all Joseph T. Ryerson & Son, Inc. plants. 


You can make it BETTER with 


tices 
Allegheny Metal - NAINLESS STEE sTeet 
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pared to unstacked carboys, gives you about three 





HERE'S 
HOW... 


TO PLAN YOUR 
TOOLROOM HEAT TREATING DEPARTMENT 


Published to assist those planning new or expanded heat treating depart- 
ments. It’s yours for the asking. 

Material contained in this 24 page booklet, prepared by the Lindberg 
Engineering Company, is based upon years of experience in helping 
design hundreds of toolrooms . . . plus additional information gained 
from the 24-hour-a-day operating experiences of the toolroom heat 
treating department of the Lindberg Steel Treating Company, the 
world’s largest. 

It helps arrive at total costs in advance * Shows recommended de- 
partment layouts * Tells how to select furnaces of proper size * Gives 
prices of auxiliary equipment such as tongs, quench tanks, straightening 
presses, hardness testers, work benches, etc. * Contains loose template 
pages of furnaces, quench tanks, etc. and graph paper . . . a few seconds 
of scissor work shows you how your department will look. 

To get your copy write or call your nearest Lindberg Engineering 
Company office or the Lindberg home office at 2448 West Hubbard 
Street, Chicago 12, Illinois. 





Other helps for Heat Treaters. “tice Treating Hints’’—« publication cowering the practical side of 
heat treating with strictly “how to do it’’ articles. Available om request 

“Heat Treating Hints’’, two movies, (color and sound) bring to the screen practical articles from the 
printed ‘Heat Treating Hints’’. Ideal for technical associations, plant showings, schools. Write for Bookings 


LINDBERG War FURNACE 


December, 1950; Page 799 





for the 
Metal 
Industry 


an 


CONTROLLED OXIDATION PENKAY CASE 2 and CASE 6 | 
PENTRATE for 


for Blackening and Protecting Carburizing and Brightening 





The newest development in activated 
liquid carburizing baths — a two-compo- 
nent method using easy-to-handle gran- 
ular compounds ond briquettes. It pro- 
vides accurate control over carburizing 
rate and assures constant bath strength. 

100% water soluble — provides ex- 
tremely bright surfaces after quenching 
in either oil or water! 

Case depths can be obtained which 


are equivalent to or better than those 
ys A two-con . ° 
produced by ordinary insoluble and 
Tillie MolLMme MEelaelaleliel arg . 
difficult-to-wash activated type baths. 


makes up the bulk of the bath 
Penkay contains a different activator 
y-laelale Mm olela delel-muaelaliell 


never before used in carburizing baths 
handle compressed briquettes 


and is responsible for carburizing rate 
relaliaeliiiale Mist -mmey dlelehilelammge hi mmelale, 


stability and lustrous finish. 


Tale laLie lalate] bath <« trenath 


, 
+> 
x Wan fay Mai lelt me -laelaleluliaelmelaelel! rola) | Patent Pending 


market today 
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H EAT BATH me new d0 PENKAY 4s case 6 
case 2 0" 


CONTROLLED pe yrRate 


CORPORATION ac rotor 


SPRINGFIELD 1, MASS. NAME ADDRESS 


_— 
— 
=o 


In Canada: Wm. Michaud Co., Ltd FIRM 
Montreal, Quebec ona Fill in Coupon and mail today 
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“it turned the trick for every 
cutting fluid problem in our shop” 


“IN THIS ONE SHOP we had to do a whole range of 
different metal cutting operations. We couldn't get 
full answers every time from general lubrication 
guides. Guesswork was a threat to production,” the 
superintendent said, “so I finally called in a Cities 
Service Lubrication Engineer.”... What happened 
is this: 

Individual operations were checked and classified 
Sper ial problems were ear-marked. After full study 
a plan was laid out covering general needs and 
«pecific tough points. These logical steps —based on 
Cities Service's wide experience in such matters 


produced an actual cut in number of lubricants 


CITIES 


QUALITY PETROLEUM 
PRooUCcTS 


SERVICE 


needed, without slighting the more difficult opera- 
tions. They aren't so difficult now. The upshot is 


simplified routine —sharply clipped costs —gain in 
productivity. 

Let a Cities Service Lubrication Engineer study 
your operations. His services are free. Products he 
recommends are backed by an unexcelled success 
write or 


record in industrial lubrication. Simply 


phone the nearest Cities Service office. There ie no 


obligation. 


A Complete Line of essential lubricants 


for the metal working industry 


FREE Cyries Service Or Company 
Fact filled Sixty Wall Tower, Ko 

New Booklet New York 5. New Yort 

For the Metal  —— wit 

Machining Industry : M. 


Nano 
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Tests show New Queneh Oil 
Triple Action 


has Intensified 





A new accelerated quenching oil has been developed 
that gives (1) rapid heat removal with faster cooling 
rate in the hardening range, this results in higher and deeper 
hardness; (2) slow cooling below the hardening range, thus 
minimizing distortion; (3) greater stability due to special 


anti-oxidants, for longer life and bright quenching properties 


To better illustrate the manner in which this triple action 
quenching oil accomplishes this higher quenching efficiency, it 
will be well to show the three stages of cooling as observed 


when steel is quenched in oil from a red heat. These stages are 


A. Formation of a vapor film at the steel surface; cooling is 
accomplished by conduction and radiation through this 


vapor film and is relatively slow 


Direct contact of the oil with the metal surfaces, causing 
a boiling action which continually dissipates the vapor film 


formed and results in rapid cooling 


After the metal has veen cooled to the boiling point of oil, 
vapor is no longer formed; cooling is by conduction and 
convection, and the metal slowly cools to the temperature 
of the oil 


It is apparent that any improvement in the cooling power of 
oil in stages A and B would be most desirable. This can be 
compared to the brine quench which is used instead of water 
Brine has a wetting action that completes the qpue neh faster 
than fresh water, which “takes hold” only in spots, causing 
non-uniformity. Salt brine solutions provide deeper and more 
uniform hardnesses. This results in deeper and more even 
hardnesses. It seems logical to attempt to do this same thing 
with oil, The mineral intensifiers added to this Triple A 
Quenching Oil act mm this manner 
Practical Application of Quench Curves 
to Hardening Steel 

The improvement of oils so as to effect this desired « hange 
in the cooling characteristics has been attempted in the past 
by blending mineral oil with animal oils, but the product was 
prone to become rancid, or to decompose on contact with hot 
steel. These blends were also unsatisfactory as quenching 


mediums for steel treated in certain types of salt baths 


Developed in the Research Laboratory of the Park 
READINGS 


STEEL SAE. 1045 1° @ x 2” 

TREATMENT: 1550 F. IN NEUTRAL SALT 
QUENCH IN Oll AT 75 F 

HARDNESS. ROCKWELL “'C’’ READINGS 
ACROSS INNER SURFACES 
OF SECTIONED SAMPLES 


Chemical Co., the Park Triple A Quench Oil, a blend of 
specially refined mineral oils, cools steel faster in the upper 
temperature range by shortening the duration of vapor stage 
(A) and intensifying the action of boiling stage (B). Heat 
removal in stage (C) is slow and uniform. Thus, the best sur 
face hardness and depth of hardness penetration are achieved 


with no danger of cracking or distortion 


Extremely stable, this new accelerated quenching oil may 
be used as a quench from any heat treating medium without 
fear of rancidity, oil breakdown, or change in quenching effi 
ciency. Further, Park Triple A Oil is especially suitable for 
obtaining the maximum uniform oil-quenched hardenability 


from low and medium alloy steels. 


Results of the improvement are shown in chart below 
showing actual hardnesses in quenched pieces. There is a 16% 
surface hardness increase with Park Triple A Oil over a good 
grade of straight mineral oil. The effect would be greater when 
comparing it with some of the poorer grades of oil used for 
quenching. Center hardnesses of the one-inch diameter piece 


are up 14%. Lighter sections would show even more increases 


Bright Quenching and Stability 
A very crucial and costly problem in the carbo-nitriding 
process has been the cleanliness of work after oil qquem hing 
Oils which deteriorate rapidly or were originally unsuitabl 
leave a sooty carbonaceous film on the surface of the work 
This presents a difficult cleaning problem when followed by 


a plating or welding operation 


This difficulty, when not the fault of the furnace atmos 
phere, can be corrected by the use of Park Triple A Quenel 
Oil 


Through the use of anti-oxidant additives and minera 
intensifier it has been possible to prolong the bright quencl 
ing properties of good clean oil. Underwood Oxidation exper 
ments have proven Park Triple A Quench Oj to hav 


exceptional stability and long life 


A Bulletin, #FS8, was prepared on Park's lripl 
Quench Oil. It gives you a complete description of this « 
with cooling curves, production data and photographs. Write 
Park Chemical Co., 8074 Military Ave., Detroit 4, Mich 


PARK “S 


QUENC 


NLA. 








NIA. 
\ 


, Quen h from Park's Nu-Sal neutra 












































S” Oil (compound with animal ¢ 
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“Competitive in price ? 


superior in quality” 


These are the basic considerations that standpoint of appearance and function. In 
influenced Ware Laboratories, Inc., in stand- every instance, Alcoa Aluminum Fasteners 
ardizing on Alcoa Aluminum Fasteners for are selected to do the job. Please accept 
their line of aluminum windows, doors, and our congratulations on a highly functional, 
fenestration materials competitively priced, superior product.” 


Says Bob Olson, Ware V.P. in Charge of Sales... Alcoa fasteners can do a better job for you, 

too. So, if you make an aluminum product, 

. to maintain this high quality, Ware’s remember— it’s smart business to fasten it 

top management and engineers agreed that with Alcoa Aluminum Fasteners. Write to 

where aluminum fasteners are used, they ALUMINUM COMPANY OF AMERICA, 2135M Gulf 
must be of the highest quality from the Building, Pittsburgh 19, Pennsylvania 


LOWEST-COST CORROSION-RESISTANT FASTENERS ARE & 
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200,000 AXLES REDUCEROLLED 
ON ORIGINAL ROLL DIES! 





The Dominion Forge and St:mping Co., 
Walkerville, Ontario, Canadian producer 
of automotive forgings, submits the fol- 
lowing production record on axle forgings: 


1. More than 200,000 axle shaft blanks pre-formed 
on a National No.6 REDUCEROLL using 
original non-heat-treated roll dies. Rolls still 
available as spares after minor repair! 

. More than 50,000 consecutive REDUCE- 
ROLLED axle forgings accepted without a 
failure! 

. Reduced scrap loss, producing clean, uniform 
blanks, by REDUCEROLLING. 

- Independent laboratory tests prove that 
REDUCEROLLING improves physical charac- 
teristics of forgings. 


‘This case history illustrates how REDUCE- 
ROLLING simplifies and expedites the 
production of superior forgings! 

Let us help you investigate the application 
of REDUCEROLLING to your forging work. 
Send us a print or sample of the part you 


National No. 10 REDUCEROLL. wish to forge— better yet, visit us. No 
Also built in Nos. 1, 2, 4, 6, and 714 sizes. obligation, of course. 


NATIONAL 


MACHINERY COMPANY 


TIFFIN, OHIO 














DESIGNERS AND BUILDERS OF MODERN FORGING MACHINES—MAXIPRESSES—COLD HEADERS—AND BOLT, NUT, RIVET, AND WIRE NAIL MACHINERY 
Hartford Detroit Chicago 
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e are everbright 


e can't peel or 


stainless ; 
mouldings 


. discolor e are solid, 


| strong and tough! 


ir 





we have conscientiously upheld 
the traditional top quality in our 


products and services. 


As the year 1950 gradually comes to a 
close, we are conscious of a debt to our 
host of friends and customers who have 
shared our belief in quality and profited by 


the use of ACCOLOY castings. 


We are justly proud of the facilities and 
the men who, year after year, make it possible 
for us to produce these Heat and Corrosion 


Resistant castings that have such an enviable reputation 


This Yuletide season is most fitting to 
voice again an appreciation of our relationship 


across the vears and a heartfelt wish for a 


Merry Christmas and a Happy New Year 


ALLOY ENGINEERING & CASTING COMPANY 


ALLOY CASTING CO. (Div.) 


WEAT RESISTANT CASTING 


Eastin CHAMPAIGN e ILLINOIS 
ee tt 
sth 


ENGINEERS AND PRODUCERS OF HEAT AND CORROSION 
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you can Be SURE.. ie is 


Westinghouse 


' 


Belt conveyor brazing furnace 





4/20 SAVED 


every 8 working hours with Westinghouse Brazing 


Four cents per unit! $1,120 every eight hours. For either gas-fired or electric operation, 


That’s what one manufacturer saved when he Westinghouse can make thorough, impartial 
switched from machining to Westinghouse braz- recommendations for the type of equipment 
ing. With production of 3,500 units per hour, needed to handle your heat-treating problem 
each furnace produced these startling savings. most economically. Get all the facts today, 

Why spend dollars? Braze it for pennies with Call your nearest Westinghouse office or write 
Westinghouse equipment. The Westinghouse Westinghouse Electric Corporation, 181 Mercer 
brazing furnace is only one of a wide variety Street, Meadville, Pennsylvania. J-1034 
of furnaces—both gas-fired and electric—pro- 


duced by Westinghouse. 


Therm-a-neering. A HEAT AND METALLURGICAL SERVICE THAT 
OFFERS WITHOUT OBLIGATION 


ENGINEERS — Thermal, design and metallurgical engineers to help you study 
your heat-treating problems with a view toward recommending specific beat 


MO 
treating furnaces and atmospheres ” G A S A N D E l EC TR | '¢ 
RESEARCH—A well-equipped metallurgical laboratory in which to run test ad 


samples to demonstrate the finish, hardness, and metallurgical results that can 
be expected on a production basis 


PRODUCTION —A moderna plant devoted entirely to industrial heaung 


EXPERIENCE — Manufacturers of a wide variety of furoaces—both gas and elec 
tric—and protective atmosphere generators 
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Lutecesitg 
NEW FOLDERS 


describ 


innovations in 


illustrating and ing 


the 


Me 


latest modern 
tallurgical Laboratory Equipment 


compiled by 


BUEHLER LTD. 


America's most popular 


Built 


most exa 


Contents: 


e ILLUSTRATIONS of perfected designs 
of 


authority 
on Precision 


the 


Instruments for 


ting me taullurgist 


Metallurgical . Laboratory 


Equipment anc Relative 


Accessories 
COMPREHENSIVE SPECIFICATIONS of all 
illustrated equipm 


SAMPLES of 
Abrasives 


ent 


Polishing Cloths and 


AUTHORITATIVE RECOMMENDATIONS of 


available equipment for every 


, metallurgical testing requirement 


Don't miss receiving these 


folders! 


inform 
ative 


All fre simply for the asking 


Fill in and mail coupon below and 
be 


your folders will sent to you 


immediately 


Buckler Ltd. 


METALLURGICAL APPARATUS 
165 WEST WACKER DRIVE 
CHICAGO 1. ILLINOIS 


a 


BUEHLER LTD. CHICAGO 1, ILLINOIS 
Please send the following folders . . . 
} Polishing Cloths and Abrasives 
Test Specimens and Microscopes | 


165 W. WACKER DRIVE «© 


Electro Polisher 

Polishing Machines 
| Cut-Off Machines 
[] Fine Grinding Machines 


Surfacers and Grinders 
] Diamet Hyprez 


NAME 
COMPANY 
ADORESS 


city 
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ereuLuneice 
LABORATORY 


SEND 
THIS 
COUPON 
TODAY! 








McKAY ELECTRODE REPORT 





METALLURGICAL PROPERTIES 











SLAG REMOVAL 


——_$—— _—__ ———___+ 











The Case of the Right Report 


A perfect rating every time—all the time .. . 


that’s the performance record of every McKay Elec- 
trode. Experienced welding men know that uniform 
Electrodes, with fully controlled properties, are a 
“must’’ for structurally sound weldments. 

McKay Electrodes are formulated to provide metal- 
lurgically sound weld-metal with specific physical 


properties. Absolute control in each manufacturing 





i Mc KAY 


ARC-WELDING | 


ELECTRODES 


For MILD, STAINLESS & ALLOY STEELS 





ail 








operation assures uniformity in every Electrode in 


the McKay line. 


+ + 7 + * * 


Our Technical Staff will appreciate the oppor- 
tunity to recommend the Electrodes best suited 
for your particular needs and send you samples 


for “on-the-job”’ tests. 


HAVE YOU HEARD ABOUT THE NEW 
McKAY 16 (AWS E-6020) ELECTRODES ? 


i 


THE McKAY COMPANY 


403 McKAY BUILDING 
Pittsburgh 22, Pa. 
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report to 
our customers - 


FROM DATE OF INCORPORATION ON NOVEMBER 23, i900 TO DECEMBER 31, 1949 


| jy 


i ji 


} 


¢ 


THE COMPANY RECEIVED: 


From customers for products purchased by them $5,122,702,261 
Dividends received, interest earned, and other income 76,068,236 
Total revenues 


$5,198,770,497 
THE COMPANY PAID OUT OR PROVIDED: 


For raw materials, supplies, and services bought $2,766,354,971 

Provision for depreciation (wear and tear or 
obsolescence) of plants, buildings, machinery and 
equipment and for depletion of coal, iron ore and 


limestone, etc., by mining operations 270,852,769 


Federal, State, local and miscellaneous taxes 267,462,953 


Interest and other costs on long-term debt (including 
dividends of $27,265,805 paid to preferred shareholders) 


117,724,128 

Total costs 3,422,394,821 
Leaving for wages and salaries of employees, 
dividends to shareholders, and amount required 

to be retained by company for needs of the business *$1,776,375,676 100.00% 


*OUT OF WHICH THERE WAS PAID: 


Employment costs (pay rolls, vacations, social security 
taxes, insurance and pensions paid to or for account 
of employees) 


$1,474,693,687 83.02% 
To common shareholders as dividends 


125,126,950 7.04 
Amount retained in the business for present and future 


needs and to assure steady work for employees 


176,555,039 9.94 
Total 


$1,776,375,676 100.00 % 


Your patronage and the American system of free enter- a business, at any time--with the expectation that it, too, 
prise have helped make this company an important factor may grow strong--provide jobs, supply needed products 
in the steel industry. Our future depends on keeping and achieve success in the next 50 years. In the preser- 
America free, so that any group of citizens may organize vation of the American way of life lies our future hope. 


The Youngstown Sheet and Tube Company 


General Offices -- Youngstown 1, Ohio 
Export Offices--500 Fifth Avenue, New York 


MANUFACTURERS OF CARBON, ALLOY AND YOLOY STEELS 


ELECTROLYTIC TIN PLATE - COKE TIN PLATE - WIRE - COLD FINISHED CARBON AND ALLOY BARS - PIPE AND 
TUBULAR PRODUCTS - CONDUIT - RODS - SHEETS - PLATES - BARS - RAILROAD TRACK SPIKES. 
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A New Vacuum Pump 


You're Looking At The NEW KINNEY 
VACUUM PUMP MODEL CVD 3534-A 
Small Pump For Big Results! Here's What 
This Compound Vacuum Pump Gives You: 


{ — Free air displacement of 4.9 cu. 
ft. per min. (139 liters per min.)... 
operates with ': HP motor. 

~ —McLleod gauge absolute pres- 
sure readings of 0.1 micron (0.0001 
mm Hg.) or better. 


rT — “Flick-switch” readiness ...no 
hand starting or “‘warm-up” prob- 
lems. Just flick the switch and Model 
3534 is in operation. 


— The same consistent perform- 
ance and long-lived efficiency that 
have made Kinney Pumps famous in 
all phases of low pressure processing. 


See how Model CVD 3534 can save you money in Foreign Representatives: General Engineering Co. 
power, processing time, and upkeep costs. Write for (Radcliffe) Ltd., Station Works, Bury Road, Radcliffe, 
new Bulletin V50-A. Kinney Manufacturing Co., 3584 Lancashire, England .. . Horrocks, Roxburgh Pty., 
Washington St., Boston 30, Mass. Representatives in Ltd., Melbourne, C. |. Australia W. S. Thomas & 
New York, Chicago, Cleveland, Houston, New Orleans, 


Taylor Pty., Ltd., Johannesburg, Union of South Africa 
Philadelphia, Los Angeles, San Francisco, Seattle. 


... Novelectric, Ltd., Zurich, Switzerland . . . C.1L.R.E., 
Piazza Cavour 25, Rome, italy. 


KINNEY 
Vacuum Pumps 
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Where motors get ROUGH USE 


GRAY IRON can take it! 


Leading motor manufacturers use Gray tron for the 


following important reasons: 


@ Damping action that minimizes noise and vibration 
@ Rigidity which insures permanent shaft alignment 
@Extra protection against arring blows and rough handling 


@ Resistance to rust and corrosion. 


Whi not take a tip from leading manu- 
facturers and specify Gray lron where 
your product must) stand up under 
rough usage’ Whether it's corrosion, 
Typical motor end plates cast of Gray tron 


abrasion, heat or vibration... Gravy 


Iron can take it! 


Make it Better with Gray Iron ... Second largest industry in the metal-working field. 


GRAY IRON FOUNDERS SOCIETY, INC. 


BATION AS CITY-E. 6th bo CLEVELAND /4, OHIO 
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For Military and 
Heavy Duty Civilian 


Requirements 


PLATING PROBLEM 


with BsA Lead and Tin 


Baker & Adamson Metal Fluoborates 
Offer You These 9 Big Advantages: 
1. No mixing or dissolving necessary . . . 
supplied in concentrated solution form 
. Easier bath preparation 
. Stability of bath composition 
. Ease of control 


. Practically 100% anode and cathode 
efficiency 


. High conductivity 

. Good covering power 

. Fine-grained deposits of good color 
. Faster, high-speed operation 


REAGENTS 


WHEN COMBINED IN BATHS using allov anodes, B&A Lead and Tin Fluo- 
borate Solutions plate out dense, fine-grained lead-4in deposits . . 
uniformly . .. simultaneously! Thus in one operation an alloy coating is 
produced that is harder, more wear-resistant than lead plate alone . . . 
the answer to plating airplane and automotive bearings that undergo 
terrific punishment! 


EQUALLY IMPORTANT FOR MILITARY and civilian needs is their use in pro 
ducing coatings of excellent solderability on radio or electrical parts 
where the use of a non-corrosive flux is desirable. The fluoborate elec- 
trolyte produces an even, fine-grained coating ... and is faster... more 
economical than hot dipping. Storage tests have shown that parts plated 
with lead-tin alloy retained this excellent solderability characteristic, 
whereas other coatings are adversely affected. 


FOR WORKING SAMPLES of Lead, Tin, Copper. Zine, and Nickel Fluobor- 
ates—and for sound, practical information on their application—contact 
your nearest General Chemical Office or write Baker & Adamson 
Products, General Chemical Division, 40 Rector St.. New York 6, N. Y. 


BAKER & ADAMSON Hee Cemicale 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


‘—“——<—ma=s €0 RECTOR STREET, NEW YORK 6, N. YO em ee me 


FINE CHEMICALS SETTING 


Alt * Ade * 8 *-* ‘+f °B 


Ff hut oF ver 


in Canada: The Nichols Chemical Company, Lomued * Montrest* + 


THe PACE in Cnwntmica 
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- A NEW HEAT-TREATED ALLOY STEEL WITH 


4, . 
Apna? 


a . 
PY \ \ be furnished 
ey 1-1 Ot 
5S Carilloy : roperties: 
eRTIES—U chanical P 
CAL PROP e 
MECHANI 


Heat treated to the following m 


Thickness 
yi" 





Look at these test results: 


@ 90° of 98 below! The sample here was flame-cut from 
1” plate. Then it was chilled to -98°F, and bent to a full 
90° angle. Even though the raw, flame-cut edge made up 
the outer radius of the bend, there was no sign of failure! 


vy 100 % WELD STRENGTH—Tensile tests on welded specimens 
like these prove that welds on CariLLoy T-STeet are 100 
efficient Nelds develop the full strength of the parent 
metal. Note that breaks occur outside the heat-affected zone 
No special pre-heating or post-heating treatments are re 
quired beyond those used with ordinary structural steels. 
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-steel 


/ \ 
yyy\\ 


THIS REMARKABLE COMBINATION OF PROPERTIES 


7. High yield strength of 100,000 psi minimum. 
Z. Strong and ductile even at 100 below zero! 
3. Readily weldable - - without loss of strength or ductility. 


ERE is a new alloy steel developed espe- 
cially for heavy-duty equipment that 
must withstand a lot of abuse in all sorts of 
climates in the scorching heat of summer 
and the bitter cold of winter — yet with all 
this, it’s a steel that can be easily gas-cut and 
readily welded. 

U'S’S CariLtLoy T-STEEL was developed 
by Carnegie-Illinois research. It provides a 
unique combination of superior strength and 
unusual ductility. This low carbon alloy steel 
can actually be welded and gas-cut as readily 
as structural carbon steel. 

Plates of CaRILLoY T-STEEL from 14" up 
to 2” in thickness have a minimum yield 
strength of 100,000 psi even after welding and 
gas-cutting. Despite this very high strength, 
T-Steel will remain tough and ductile at any 
climatic temperature. That’s why CARILLoY 
T-STEEL is made to order for heavy-duty 
equipment that must operate out-in-the-open 
under high impact loads and without danger 
of failure. 


The full strength of Carittoy T-STeer 


can be utilized in designing welded construc- 
tion because the high physical properties are 
not affected by welding or gas-cutting. 


U-S’S CartLLtoy T-STeet has been devel- 


oped for use in the form of plates and bars. Its 
nominal! hardness is 250 Brinell. For abrasive 
conditions, where high hardness and toughness 
and weldability are essential, hardness up to 
320 Brinell minimum can be furnished. 


SEND THE COUPON - 


Carnegie-Ilinois Stee! Corporation 
Room 4211, Carnegie Building 
Pitteburgh ¥. Pa 


Name 


Company 


i 
| 
| 
| 
| 
Please send me « copy of the Carilley T-Steel booklet | 
' 
i 
| 
| 
i 


Address 


City Zone State 


CARNEGIE-ILLINOIS STEEL CORPORATION, PITTSBURGH 
COLUMBIA STEEL COMPANY, SAN FRANCISCO « TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM 
UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST + UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


@ Carill oy 


UNttTteo 


a Bee 


Steels 


2 it 2 


December. 1950: Page 813 








EFFECTS OF 
COMMONLY-SPECIFIED 
ELEMENTS IN 
ALLOY STEELS 


ih effect of a combination of alloying clements 
on the properties of an alloy steel ts considerably 
greater than the sum of the effects of these clements 
if used separately. This inter-relation must be taken 
into account whenever a change in a specified analysis 
or composition is evaluated. To simplity the subject 
we have outlined below some of the individual etlects 
ol four of the leading clements used in alloy steels 
NICKEL — One of the tundamental alloving clements 
nickel provides steel with such advantages as im 
proved toughness at low temperatures, low distortion 


eood resistance to corrosion, and ready 


th queuching 
PESPoOrse to cconomical methods ot he it-treating 
Nickel stecls are suitable for case hardening and have 
excellent resistance to impact, wear and latigue 

CHROMIUM is an clement used primarily to increas 
the depth-hardenability of steel. It also promotes car 
burization and improves resistance to abrasion and 
wear, Used in quantities of over 4.00 pet, it adds con 


siderably to corrosion resistance, High-chromitum stecls 


have relatively good an-hardening properties 


BETHLEHEM 


—_ 
peg eee i 


MOLYBDENUM This ( le ment which does not re ad 
ily oxidize provides al larg measure ol hardenability 
to steel and is particularly useful where close control of 
hardenability ts required It greatly increases the high 
ten } rature stre neth as well as the creep streneth It 
also provic es resistance to many torms ol corrosion and 
reduces temper brittleness. 
VANADIUM is an clement used to refine the grain and 
umprove the mechanical-property balance in steels. It 
is also used to deve lop the general properties in many 
illoy grades 

Our metallurgists can be of considerable he Ip to you 
in sclecting the most economical grades of alloy steel ton 
any application. These men will vladly give unbiased 
advice concerning alloy-steel composition 
ment and machinability 

We manutacture the full range of AISI 


special ualysis steels as well as carbon stecl 


BETHLEHEM STEEL COMPANY 
BLT HLEHEM, PA 


Coast Bethlehem products are sold by Bethlehem Pacific Coast 


on—Export Distributor: Bethlehem Stee! Export Corporation 


STEELS 
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Designed for Durability! 


Hoskins Chromel*-equipped Electric Heat Treating Furnaces 


Take a good look inside any Hoskins Electric Furnace and you'll quickly 
understand why they're known for dependability. For beneath their sturdy 
rugged external construction ... inside their heavy heat-containing insula- 
tion .. . you'll find that every one is equipped with long-lasting heating TYPE 68-251 
elements made of CHROMEL resistance alloy. SOx FURNACE 


CHROMEL, you know, is the original nickel-chromium alloy that first 
made electrical heating practical. It's highly resistant to oxidation 
possesses close-to-constant “hot” resistance between 700° and 2000° F., 
delivers full rated power throughout its long and useful life. And, as the 
most vital part of every Hoskins Furnace, it represents your best assurance 
of long-life satisfactory service. 


So next time you're in the market for good, dependable heat treating ates  siineine 
equipment . . . equipment designed for durability, efficient low-cost —hen 
operation, and the production of uniformly high quality work . . . you'll i 

do well to get the facts on the Hoskins line of CHROMEL-equipped Ss 

Electric Furnaces. 4, 


q > TYPE Of8.104 
Our Catalog 59-R contains complete information want a copy? POT FURNACE 


HOSKINS MANUFACTURING COMPANY 


4445 tAWTONnN AVE . Derreorr s MICHIGAN 


NEW Yorr« - CLEVELAWNE CHICA 


West st Representotives in Seot Son F los Angele 
in Conada. Woiker Metol Products. it Wolkerville Onter 
A 


*the orl chel-chromium resistance alloy that first made electrical heating practical 
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Superior Means 
Superpressure 
with Safety s 


Superior’s Physical Laboratory «jie: 1 
ing samples from every order are tested 
to make certain that their 
characteristics meet the cu 

ification Metallurgix al 


thy 


insured b analysis ne 


Bright annealing 4.,./ 


naces, with instrumentat 


% Our customer know tl il Supe rior s ] 1) t' pe OF stainless steel t thing 
tec ‘logy in tubin gives therm bent it at 90°. straightened it out and 

we wit! reater bent it again at 90 At another point 
] 


net sure ind e bent the tubing at 90 th 


search 
equent 


" t _ ' 


. rebending The 
modus 
- hen ed at the bends. an 
ution 

orien sur ’ pres f LOO jOO0 
ril 


Space and Time 


0S 





ert” 


Which Is The Better For Your Product... ? lb 


| 
| \ 
All analyses .010"' to %° OD. 
Certain onalyses (.035"' max. wall) Up to 1%" O.D. 


915 
2 


st; PACIFIC TUBE COMPANY, 5710 Smithway St., Los Angeles 22, Col * ANgelus 2 
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Engineering 


Digest of New Products 





CLEANING METHOD: 


economical method fo 


A simple and 
removing weld 


liscoloration from stainless steel has 


been developed by Armco Steel Corp 


It is especially useful in removing 


discoloration from interior corners 


The new method is easy to use \ 


small amount of acid solution to 


cover the « colored area, a copper 
| surce, and elec 


rod, a power 


trical connections are its onl 


parts 


The cleaning not only removes weld 


discoloration but passivates the 
leaned area 
The essenti parts and assembly 


of the equipm are 


copper 


bent to a convenient 


shown in the 
photograpt rod about % 
piece of rubber tubing 

the “ul to keep it from 

tainless steel and short 

the electrical circuit. Only enough 
50 phosphoric acid is poured into 
e welded contact the 
opper rod ar wet the discolored 
copper! rod is con 
negative terminal of 
source and the stain 
the positive terminal 
copper rod is passed along 
be cleaned. Since the 
depends on the eles 
through the 

copper ro must not 
Weld discolora 
quickly; the rod car 
ate of vuut 2 ft. per 
method will remove 
coloration but will 
or weld slag 


removed 


leaning ol used 
For further information circle No. 1111 
on literature request card on p. 820B 


Steel bar 


PRE-SHAPED STEELS 
toch ‘ 1 aw pecial sections 
' t er now available 
cle 

rtually 

ing Operations in the 
of teel compo 

1¢ parts, machir 


simple cut-off 





operatior The pre haped steels are 
variety of se 
SAE 
grace ease hard 
teels 


available in a wide 
tions and in variou tandard 
and AISI carbor 
ening, mild and free-cutting 
For further information circle No. 1112 


on literature request card on p. 820B 


TUBE BENDING 
hydraulic pres 


and tooled for tube 


PRESS: , new 
especially designed 
bending opera 
tions, has been announced by The 


Gibbons Machine Co The pr 


oblem of 


varying degrees of bend at a particu 
lar station of a multiple-index stoy 
has been eliminated in this new 

4 new multiple 

Various degree 

the operator w 

able overrun, usually 
perienced when ¢ r-way hydrauli 
valve 
of troke T he knee 


relied on to control the deptl 
width o th 
new press is only 11 which per 


mits reverse bends 5, ! apart 
For further information circle No. 1113 


on literature request card on p. 520B 
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GRINDING UNTT A new unit fe 


grinding automotive or other typ 


of pistons where a taper to the cor 
ventional relief form is required ha 
been announced by Norton Co The 
holding 


shape is ground by 


tween center with the 


head end f the piston being carr 


in a dog or |! der and centered or 


the master cam center. The 


pindl 
bottom end of the piston is supported 
on a special footstock center carrying 
a spherical ball bearing The foot 
tock in wh centet eats doe 
not rock y m of being mounted 
the ing bar in normal can 
practice It j 
member 
responding 
that is ground 
center are 
7 


tance rom the 


a greater 


at the head of the 


amour 


piston than at the bottom of it kirt 


which is nearer the pivot 


For further information circle No. 1114 


on literature request card on p. 820B 
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PORTABLE WELDER: A new port in. flat. The welder is fully auto 
able band saw blade welder, now matic; simplified controls assure uni 
available from Brennen Manufactur form results at all times Another 
ing Co., handles 0.050-in. diameter feature of the welder is its built-in 
contour-cutting band saw blade, a grinder, designed to remove flash 
well as all types of blades up to * from the weld. It is further equipped 
with a gage for checking thickness 
of weld on flat saws. Welding jaws 
are of solid copper, and the unit is 
housed in a welded steel case, 7% x 
12 x 7 in 
For further information circle No. 1115 
on literature request card on p. 820B 


TUBE BENDING MACHINE: Up to 
1000 bends per hour of 1l-in. 16-gage 
steel tubing are now possible on the 
improved Bend-Ex bender, made by 
the Paul Machine & Die Works 
Operation has been simplified to three 
quick steps. The machine is adapt 
able to all bending operations on 
round, square and rectangular tubing, 
pipe, light angles, channels and solid 
bars. Because it is operated with air 
compression, maintenance 1} reduced 
to a minimum. 

For further information circle No. 1116 
on literature request card on p. 820B 





THE ULTIMATE IN PRECISION CASTINGS 


Phese intricate precision castings made from frozen mercury patterns assure 
you ofsoundness accuracy close tolerances 60-80 micro finish and mini- 
mum machining in size ranges not available by conventional casting methods. 


All ferrous and non-ferrous metals. Inquiries invited. Brochure on request. 


vercist|_ ALLOY PRECISION 
—o*) CASTINGS COMPANY 


EAST 45th ST. AND HAMILTON AVE. - CLEVELAND 14, OHLO 
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RECORDING STRETCH METER: 
The percentage stretch or shrinkag: 
of materials being processed through 
pairs of rolls turning at different 
speeds is indicated and automatically 
recorded by the new recording speed 
ratio tachometer, offered by the 
Tagliabue Instruments Div., Westor 


Electrical Instrument Corp. T in 
trument provides a continuous record 
of roll speed ratio. Operated by two 
Weston tachometer generators driven 
by the respective rolls, the new in 
strument consists essentially of a 
specially developed Tagliabue Celect 
ray ratio recorder. The ratio meter 
and recorder can be calibrated ir 
percentage tretch, percentage reduc 
tion, or other inits which are a 
function of the speed ratio betweer 
two rotating members 

For further information circle No. 1117 
on literature request card on p. 820B 


TRANSFORMER WELDER: Air Re 
duction Sales Co. has announced a 
new transformer welder designed to 
cover ® wide range of applications 
from light-duty sheet metal jobs to 
heavy-duty industrial work. Three 
current ranges selected by insulated 
tapered plug connectors and infinite 
hand crank adjustments within eacl 
range provide currents from wy te 
250 amp. This permits the use of 4 
to in. diameter electrodes. The 
Silicone insulation provides a high 
margin of safety in two ways It 
operates safely at high temperature 
without breaking down and is water 
repe llent 

This welder employs an automati 
hot start control with a hermetically 
sealed gas-filled time-delay relay 
magnetic switch that has no oper 
contact. It is of simple construction; 
there are no delicate relays, rectifiers, 
fuses or open arcing contacts 
For further information circle No. 1118 
on literature request card on p. 820B 





, SEVEN >HIGH STRENGTH < 
STRONG REASONS 
Appreciation of its many advan- " , 
> HIGH FATIGUE RESISTANCE (comm 


tages explains the trend to N-A-x 


HIGH-TENSILE steel by manufac- 


=> GOOD FORMABILITY < 


turers of commercial vehicles. 


>FINER GRAIN STRUCTURE 
GREAT IMPACT TOUGHNESS 


EXCELLENT WELDABILITY 


HIGH CORROSION RESISTANCE 


GREAT LAKES STEEL CORPORATION 
N-A-X Alley Division, Ecorse, Detroit 29, Michigen 


CORPORATION 
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CONNECTING 
THERMOCOUPLE CRCUITS 
with QUICK COUPLING CONNECTOR PANELS 


A rapid and flexible method 
for connecting numerous 
thermocouples to pyrometers 
— regardless of their loce- 
tion. One central point for 
making and breaking circuits 


Polarized Plugs and Jacks 
are made in all standard cali- 
brations — lron Constantan, 
Copper Constantan and 
Chrome! Alumel 


Catalog Section 23H fully de- 
scribes these Panels. Write for 
your copy today. 


Panel for 36 Thermocouple 
and 12 Pyrometer Connections 











Thermo Electric FAIR LAWN 


NEW JERSEY 


—————_ 
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You'll be able to handle a 
wide variety of jobs at tem- 
peratures ranging from 
400° to 1700° F., and get 
clean, scale-free work. All 
contamination is removed 
by a high flow of gener- 
ator gas in the vestibule 
The furnace fan circulates 
atmosphere so that parts 
loaded loose or dense — are 
processed uniformly 


The furnace can be oper The furnace requires mini- 
ated automatically, or mum floor space, no pit 


manually, by push-button 
controls. To save time, the for the quenching tank. It 


temperature is built up can be moved easily--as a 
between cycles to a point unit to any part of the 
higher than necessary; production line. Trays last 


then the normal operating 
temperature control is re- longer because they are 


sumed after the cool parts carried—-not pushed or 


enter the furnace. The lled 
quench tank handles the P while hot. 


full load in one operation 


Want more information? Write us today! 


AND COMPANY 


6545 EPWORTH BiVD. DETROIT 10, MICHIGAN 

CHICAGO 9 CLEVELAND | HousTON CANADA eunore 

C. 4. Martian, A. A. Engethardt Wallace F Seheott Rh. € MeArdle Wether Metal Predwets, Lt sorFfrtea 
4209 South Western Bive 900 Euctid Ave 724 New gation Biva Windser Ontarie Paris. France 
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LAB FURNACE New laboratory vork chamber and reduce time for SMALL PRONG DIES \ me 
furnace has been developed by The heat recovery after new loads f small prong ¢ ‘ t 


Despatch Oven Company to fit the CF line has a temperature range luced by Woodruff 
expanded need of testing labora ip to 850° F. Provides for maximun 
tori ndust 57 and shape of heat control accuracy and work cham 
ber uniformiiy. Swinging doors pet 
mit location of the furnace where 
less headroom is available. Rounded 
corners and a wrinkle gray finist 
improve the appearance of the new 
Despatch oven Sizes range from 
ISxi8x13 ft. to 37x 25x37 ft 
the work chamber 
For further information circle No. 1119 
on literature request card on p. 820B 


PENETROMETER: General Electr 
X-Ray Corp. has announced a pene 
trometer of improved accuracy and 
simplified manufacture Milled from 
a single block of aluminum, the new 
product is used to check the radi 
graphic calibration of X-ray machine 

the new CF line fits better into the to insure that they are operating 

pace facilities of the average labo properly, and also to test the pe 

ratory. Application of cross flow cor formance of the machine u 

vection heat with extra air volum ing technique 

peeds up preheat time, provides for For further information circle No. 1120 


better penetration of products in the on literature request card on p. 820B tremely smooth thread 


For further information circle No. 1121 
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brations — lron Constantan, couph 
Copper Constantan and é 
Chrome! Alumel. atmo 
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1utomat 


Panel for 36 Thermocouple Catalog Section 23H fully de- 
and 12 Pyrometer Connections scribes these Panels. Write for 
your copy today. 
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Electrodes 
4c POSTAGE WILL BE PAID BY — 


= METAL PROGRESS 
Electrodes | 7301 Euclid Avenue 
. CLEVELAND 3, OHIO 





Santa Claus 


A: =~ for thrifty advertisers 
haa in the 


y» 
‘metals field! 


~ 
« 


} 
oy HERE’S WHY 


me, it’s your best buy! 


- 
' 


. Advertising rates are the lowest in the metals engineering field. 
. Home deliveries (17,000 out of 20,036) are the highest. 
. Circulation of 20,036 ABC tops the metals engineering field. 


. Being a monthly, Metal Progress gives you complete coverage 


in every issue for the year on only a twelve time insertion basis. 


. Being a monthly, you save up to 75% for a full coverage, 


every-issue schedule. 
. The life of your advertisement is increased up to 300%. 
. Readership isthe highest . . . . . « « « GG 
. Advertising influence is the highest 


. Action on advertising is the highest 


7301 EUCLID AVENUE ° CLEVELAND 3, OHIO 
LARGEST AND LOWEST COST CIRCULATION IN METALS ENGINEERING 





UNUSUAL APPLICATIONS OF SPECTROGRAPHIC ANALYSIS... 


CONTROLLING “NICHROME’’* FURNACES 
IN DRIVER-HARRIS FOUNDRY... 


Driver-Harris Company’s famous “Nichrome”’ 


porte “ OTHER ADVANTAGES OF 
and “Nichrome VY — leading alloys, used as heating SPECTROGRAPHIC ANALYSIS 
elements in all sorts of products from common toasters to 


; . +s @ Sensitive to 1/10,000,000 of a 
high-temperature electric furnaces — are rigidly controlled gram for some elements 


from the foundry to the finished wire by spectrographic 


@ Saves time in analysis 
analysis. 


@ Detects unsuspected metals 
In addition to “Nichrome”, Driver-Harris depends upon 9 Aemeus exten ts conte 
the spectrograph to maintain the extremely high standard with very small sample 
of many other alloys... to speed up operations .. . to hold 
analysis costs down. They use “National” spectroscopic @ Differentiates between two ele 


ments chemically very similar 
electrodes. 


@ Provides a permanent record 


@ Analysis can be made in some 


; Hy ” . cases without destroying sample 
Why it pays to use “National” spectroscopic 
electrodes. National Carbon's spectroscopic electrodes 
are the purest obtainable. Each shipment is accompanied The term “National 


. i is a registered trade mark of 
by a “Statement of Purity” which tells your analyst what NATIONAL CARBON DIVISION 
trace elements are present in the electrodes. As a result, UNION CARBIDE AND 
he can assess his plates or film very quickly and accurately = 

7 7 I . P { « y ana accurate q 30 East 4lad St... New York 1 N. ¥ 
without being confused by unexpected spectral lines. District Sales Office 
Atlanta, Chicago, Dallas, Kansas City 
New York, Pittsburgh, San Fran 


mo 
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CONTROLLING “NICHROME’’* 
IN DRIVER-HARRIS FOUNDRY. . . 





Driver-Harris Company’s famous “Nichrome”’ 


and “Nichrome” Y- leading alloys, used as heating 
elements in all sorts of products from common toasters to 
high-temperature electric furnaces — are rigidly controlled 
from the foundry to the finished wire by spectrographic 
analysis 

In addition to “Nichrome”’, Driver-Harris depends upon 
the spectrograph to maintain the extremely high standard 
of many other alloys... to speed up operations... to hold 


analysis costs down. They use “National” spectroscopic 
electrodes. 


Why it pays to use “National” spectroscopic 


electrodes. National Carbon’s spectroscopic electrodes 
are the purest obtainable. Each shipment is accompanied 
by a “Statement of Purity” which tells your analyst what 
trace elements are present in the electrodes. As a result, 
he can assess his plates or film very quickly and accurately 


without being confused by unexpected spectral lines. 
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UNUSUAL APPLICATIONS OF SPECTROGRAPHIC ANALYSIS... 


FURNACES 


OTHER ADVANTAGES OF 
SPECTROGRAPHIC ANALYSIS 


@ Sensitive to 1/10,000,000 of a 
gram for some elements 


@ Saves time in analysis 
@ Detects unsuspected metals 


@ Accurate testing is possible 
with very small sample 


@ Provides a permanent record 


@ Differentiates between two ele 
ments chemically very simular 


@ Analysis can be made in some 


cases without destroying sample 


lhe term “National 
is a registered trade mark of 
NATIONAL CARBON DIVISION 
UNION CARBIDE AND 
CARBON CORPORATION 
30 Bast 42ad St, New York | N. ¥ 
District Sales Office 
Atlanta, Chicago, Dallas, Kansas City 
New York, Pictst 


rah, San Francisce 








WE INCREASED PRODUCTION 


71% with J&L “E” STEEL 











(a story* about how to win customers and influence prospects) 


“Got a minute? Well, let me tell you about q production in- 


what happe ne d at our mac hine shop a couple (~~ | crease! 


of months ago when we first tried that new \ & 


“Next thing we 
IAL “E” Steel. You wouldn't believe it was 


ral 
, 
y \ “a discovered was that 


possible! (Conhdentially, neither did we until 1 our tools were last- 


we proved it to ourselves Here Ss what ng twice as long 


happened and the chips were 
‘*We got an | coming off better 


SN order to produce ’ with “EE” Steel than they did with B-1113 
» 


on big lor of plunger We also found that the finish on the parts 


stops tor sole noid had improved trom 20%, 
~ 


a < 
\ Z : 
, f , ’ ' owe 
< oP, starter switches That's why we've been using “I 
: : 
) / Lhev're tricky to We turn out work much taster 
\ Re run, and you ve and can take on more jobs. Our F 


—— ee. _L?) got to be pretty 
careful every second. We'd read about a 


Steel in some of IA] "s ads, and decided We 





, “ 
men like the Way | Steel 
machines and our customers 


get better parts and better 


might try some on this yob service. kEvervbody benehts'”’ 


1 we ordered some 17 32 E-33 “rk” Get uur copy of the booklet 
Steel stock, set up our B&S #2 and B&S #0 titled ““A Progress Report on 
\uromatics and began to turn out parts We *k” Sreel.”’ outlines a series 
had used B-1113 for this job before and had 
been petting 350) pieces per hour But We 
soon realized we could machine much taster 
with “hE” Steel, and we kept increasing 
speed until we were getting an average 
of 600 parts per hour. That's a 71% 
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JONES & LAUGHLIN STEEL CORPORATION 
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aaa 3 other oh “a gear hobbing 


— and does a better job” 


“We formerly used three different cutting oils in 
our gear hobbing department,” says this Fore- 
man. “Now we use only one on all machines— 
Gulf L.S. Cutting Base. It’s doing an excellent job 
—we're getting better finishes and in some cases 
have been able to increase production. And of 
course our storage and handling problem has 
been simplified by elimination of two cutting oils 
from our inventory.” 

A typical report from the scores of plants which 
have made some improvement in machining prac- 
tice through the use of Gulf L.S. Cutting Base, the 
outstanding multi-purpose cutting fluid. 

Call in a Gulf Lubrication Engineer today and 
let him help you find opportunities for greater 
production at lower cost through the use of one 


December, 


1950; 


says this Foreman 


or more of the quality cutting oils in Gulf's com- 
plete line. Write, wire, or phone your nearest 
Gulf office. 


Gulf Oil Corporation - Gulf Refining Company 


GULF BUILDING, PITTSBURGH, PA 


Sales Offices - Warehouses 
Located in principal cities and towns throughout 
Gulf’s marketing territory 
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GET IT WITH” 


Morcu & MerrvweaTHer 


a. 
fnati| " 


“Raged oamuisdonns, " 


, 
| 


: Circular Sawing 
Oe gaia Machines! 


 & ] 
VV’ | 


——, . 


For cutting off ferrous or non-ferrous stock up to 
24” length and 4” diameter, round or square 


DS - LOW ¢ 
| "SQUARE EN ST 
iv, SPEED . accuRACY s 


Materia! 


Sewing Te Higher production lowers your cost per 
cut-off piece, together with extreme 
accuracy which eliminates many second 
operations. This little giant of production 
will save you money in tool costs and 
get your work out faster. 


Investigate Ask for Bulletin No. 150-R 
* * * 


Look to Motch and Merryweather for produc- 

tion cut-off machines handling stock from %4” 

through 18” diameter, as well as machines 

: for special applications, including sawing 

Pt > on” wall with simultaneous second operations. M. & 

— 10 seco 4 3° OPT seconds M. builds circular sawing machines, automa- 

Sawing THB? Sawing TIm® tic saw sharpeners and circular saw blades, 
transfer and special machines 


Manufactured by 
THE MOTCH & MERRYWEATHER MACHINERY COMPANY 
715 PENTON BUILDING » CLEVELAND 13, OHIO 

Builders of Circular Sawing Equipment, Production Milling, Automatic and Special Machines 





PRODUCTION-WITH-ACCURACY MACHINES AND EQUIPMENT 





4 


Packard did...and saved /~ 


Y, Vf al per assembly : 


—~ 


HIS is the “planetary output shaft" for the Packard 

Ultramatic Transmission. It was originally designed 
to be made from a forging, but Packard engineers “took 
a second look” and determined that a slight design 
change, using a casting and a steel shaft, permitted taking 
advantage of Induction Brazing. This resulted in a sav- 
ings of $74,325 in the equipment and tooling for pro- 
duction, in addition to the actual labor and materials 


savings of $1.74 per assembly. 


When designing your new product, or redesigning pres- 
ent products for more economical manufacture, you will 
profit by considering TOCCO Induction Heating for 
brazing, hardening, soldering, forging or shrink-fitting 


Designing for Induction Heating pays off! A 30 KW, 10,000 Cycle TOCCO Unit Brozes 45 Assemblies per by 


THE OHIO CRANKSHAFT COMPANY Mail Coupen Tedey 


THE OHIO CRANKSHAFT CO 
BULLETIN Dept. 8-12, Cleveland 1, Obie 


Please send copy of “Design 
Manufacture for Prot 
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can give you 


“High Vacuum 


in a Package” 


for your specific 


requirements 


This KB-150 Exhaust Unit con evacuate 150 liters of gas per second at ao pressure of 
it attains an ultimate 


KB-150 Oi! Ejector Pump 


100 microns of Hg vecuum of 1 micron. Included ore a DPI 
a Kinney DVD-8810 Mechanical Pump with electrically 
heoted water separator tank, o roughing line to enable the mechanical pump to do the 
initial evacuation, two DPI Pirani Gouges, and o DP! Quarter-Swing Valve 


HF KB-150 EXHAUST UNIT ill [ luid—easy to control, star 
provides extremely t 


low 


Comparative calculat 


hations 
where large volume oft 


ras 


- . , pressure prove f 
handled, and vacuum is to be maintained nique DPI Oil Ejector 
the range of 1 to 100 microns. 


below that of mechanical! 
Packaged to your methods trom 
processing, dehydration 
' 1] 


comes all ready to 


ind power lines 


Dest, WI 





Distillation Products Indus- 
R ive R« West ¢ eT 


Division of | tma 


LAS 





high vacuum research and engineering 








Also . vitamins A and E distilled monoglycerides more than 3300 Eastman Organic Chemicals for science and industry 
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FORGINGS vs. CASTINGS? 


Sorry, it wasn’t even a contest! 


The Weldon Lathe Attachment meos 
vres carriage movement directly to 
001". Both froctional and decimal 
dicls are available. All parts ore 
chromium plated 


In the fipst place, they shouldn't be in the same ring 
together, because Anaconda Die Pressed Brass Forg- 
ings*have almost twice the strength of ordinary brass 
sand castings. 

Fhe Weldon Tool Co. of Cleveland, makers of the 
Weldon Direct Reading Measuring Attachment for 
lathes, switched from sand castings to forgings and 
found the extra strength a big sales advantage. 

Ihey also found a lot of other things: Solid, 
dense-grained, readily machinable metal; die-like 
dimensional accuracy; a surface smoothness that cut 
finishing and plating costs to the bone. And... an 
overall saving of 30°! 

Publication B-9 will get you off to a good start 
Write for it now. Address The American Brass Com 
pany, General Offices, Waterbury 20, Connecticut 


In Canada: New Toronto, Ontario 


You can depend on twice-wrought 


Anaconda Die Pressed Forgings 
ilNustrated are full-size and 
unretouched. On the spindle 
housing, right, machining costs 


= eci ai DIE PRESSED FORGINGS 
next cbove, 40% 





A REPORT FROM 
REPUBLIC STEEL'S 


METALLURGICAL FILES 


Photo courtesy 
The S. M. Jones ¢ Ong 
Toledo, Obie 


<—— 


le 


... combines the extensive experience and coordinated abilities of 
3 - DIMENSION Republic's Field, Mill and Laboratory Metallurgists with the know!- 
edge and skills of your own engineers. lt has helped guide users of 


Metallurgical Service tlloy Steels in countless industries to the correct steel and its most 
efficsent usage ...1TT CAN DO THE SAME FOR YOU, 





Other Republic Products include Carbon and Stainless Steels — Sheets, Strip, Plates, Pipe, Bars, Wire, 
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... Sucker Rods for Heavy-Duty Deep 

Well pumping now GUARANTEED to 
90,000 p.s.i.—whereas the previous high 
has been 70,000 p.s.i.— another triumph 
for “the right steel in the right place” 


With many wells ranging from 6,000 to 12,000 
feet in depth, pumping places a tremendous 
strain on the sucker rod string entrusted with 
bringing the oil to the surface. Each slender 
sucker rod unit—only 25 or 30 feet long and 
5” to 1” in diameter—must be capable of sup- 
porting the multi-ton weight of the entire string 

. must carry the weight of the oil rising to 
the surface... must stand up under the constant 


whipping and reversing action of pumping. 


For more than fiye years, Republic’s field-mill- 
laboratory metallurgical team has worked with 
this manufacturer's own metallurgists—to 
produce a stronger, longer-lasting sucker rod 
for deep well pumping. 


The result? The “right steel in the right place” 
not only increased yield strength by a phenome- 
nal 30°, but it did more. Coupled with this 
added strength are great endurance and high 


fatigue resistance. And because the steel is used 
in its normalized and tempered condition, there 
is no sacrifice in needed corrosion-resistance. 


This is but one of many important oil field 
applications in which Republic Alloy Steels and 
3-Dimension Metallurgical Service have resulted 
in improved performance . . . lower production 
. . higher productivity. What has been 
accomplished here can reasonably be done in 


costs . 


other applications, in other industries. 


Are you using “the right steel”? Why not call on 
Republic's 3-Dimension Metallurgical Service to 
work with your own metallurgists toward finding 
it—and with it, new economies and new profits, 
Call your nearest Republic representative today. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 


GENERAL OFFICES «© CLEVELAND 1, CHICO 
Export Department: Chrysler Building, New York 17, N.Y. 


ALLOY 


STEELS 


Pig Iron, Bolts and Nuts, Tubing 




















POLISHING ond BUFFING MACHINES 
Acme S7RAIGHTUIINES. 





tbove: Forty-foot ACME Horizontal Return Type 
Straightline with 10 ACME Type G-1 Adjustable 
Floating Head polishing and buffing lathes. This 
machine may be loaded or unloaded from either side 
or either end. Polishing and buffing heads may be 
used on either or both sides, varying in number 
according to the requirements of the work 


Right: Twenty-foot ACME Horizontal Return Type 
Straightline with 4 ACME Type G-4 Adjustable 
Floating Head polishing and buffing lathes set on 
one side of the machine. This unit can be increased 
in length up to 80 feet by adding standard 10-foot 
sections to accommodate additional buffing heads 


ACME Straightlines have years of successful application to actual pro- 
duction requirements behind them. They are built in reciprocating, 
horizontal return, loose fixture and over and under types with a wide 
range of sizes and production characteristics. ACME Automatics, 
including Rotary and Semi-Auromatics as well as Straightlines, have a 
substantial background of demonstrated performance that you can rely 
on. These machines are backed with years of specialized experience and 
Polishings" engineering that, through progressive development, has already met 
Machinery ind solved hundreds of practical polishing and buffing problems 


(Catalogs on Request) 


ys Ace E Manufacturing Lo. 


1645 nOWAYE ST. DETROIT 16, MICH. 


HINES Sellers : “ r : p Ate DP WEARIY HA ‘ " 


wr MATIC 
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Cut steel up to 12 in. thick 


Bevel parts for fabrication or repair 
e Gouge grooves of many sizes and contours 
Do all this Deseam semi-finished steel forms 
e Cut risers and "wash" pads 
with On e Prepare plate edges for welding 
——+ Remove rivets and pierce holes 
OXWELD Trim plate and structural shapes 


Trade-Mork 
Powder-cut stainless steels and other oxidation- 


Blowpipe resistant metals 


Cut guided circles and straight lines 


Scrap obsolete equipment for profit 

















Whether your work includes one or more than one of these jobs, the Oxweto C-32 Blowpipe 
will save you time and money. This all-purpose cutting blowpipe, with its wide variety of inex- 
pensive nozzles and attachments, easily handles these jobs—and many others—with outstanding 
efficiency, speed, and convenience. 


Like all Oxweto products, the C-32 is built to give you many extra years of economical and 


trouble-free service under every condition of use. Available in your choice of 3 lengths (20-, 


26-, and 32-in.) and 3 head angles (75-, 90-, and 180-deg.) to suit your exact needs. Write or 
phone today for full information about this cutting blowpipe — or regarding welding blowpipes, 


regulators, cutting mochines, or acetylene generators. 


The terms “Linde” and “Oxweld” are registered trade-morks of Union Carbide and Carbon Corporation or its Units 


THE LINDE AIR PRODUCTS COMPANY 


° Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street New York 17, N. Y. 
Offices in Other Principal Cities 


in Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 
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...high carrying capacity 
---like INTERNATIONAL GRAPHITE ELECTRODES 


nternational GRAPHITE AND ELECTRODE CORP. 


ST. MARYS, PA. 
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THAT SCORE FOR CRUCIBLE STEEL 


The three camera shots above clearly picture the couple is used between the fourth and fifth trays 
three principal advantages of this fabricated with another one on the top. The assembly 
welded stainless steel tempering assembly. Both weighs 665 Ibs 
Rolock and Crucible Steel engineers contributed of 48 tol 
to the design which features: (1) a rugged carrier 
> Rolock job-engineered heat treating « juipment 

sling, (2) indented trays for close. safe fit of sling 

}) maximum furnace capacity will speed handling, give you more uniform 
(0 « « ; « ‘ ° 

} i ’ quality, leagthen service life and reduce work 


hour costs. If you have such problems, call ou 


maximum load 3200 Ibs... a ratio 


The shallow, easy stacking trays separate varied 


sizes of Alnico permanent magnets and a thermo Rolock engineers for practical recommendations 


Offices in: PHILADELPHIA © CLEVELAND © DETROIT * HOUSTON © INDIANAPOLIS © CHICAGO © ST. LOUIS © LOS ANGELES © MINNEAS 


ROLOCK INC. © 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 
ps Re Bp OB Ee: & fib rv > - 
A RS EA. ae 
" for better work } on 


Easier Operation, Lower Cost 
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7 , 
Yee can make important savings in 
fuel by taking advantage of the quick 
heating characteristics of J-M Insula- 


ting Fire Brick. These light-weight 
brick permit a quicker rise to proper 
operating temperature in the furnace 
because of their low heat storage capa- 


city, and 


low thermal conductivity. 
Where furnaces are being intermit- 
tently operated these are two espe- 


cially important characteristics 


These same insulating materials can 
also be obtained in large size units 
called Johns-Manville Insulating 
Fireblok. This product has 
vantages 


nany ad- 
smaller size fire 
brick for certain types of jobs... 
from both a construction and stability 
standpoint 


over the 


The Fireblok units can be 
quickly applied because they are easy 
and fit. Fireblok insulations 
provide additional heat savings be- 


to cut 


For use to 2800F 


For use to 1600F exposed 
For use to 2000F as backup 


cause they reduce the number of joints, 
and require less mortar for bonding. 


Ic will pay you to let a Johns- Manville 
insulation engineer explain the many 
ways in which you can save by using 
these insulations in your furnaces. Just 
write for further information to Johns- 
Manville, Box 290, New York 16,N.Y. 





Densities, tb per cu ff... .. 
Transverse Strengths, psi 
Cold Crushing Strengths, psi 
Linear Shrinkege!, percent 


R ible Thermal E 





percent 


Cenductivity® at Mean Temperatures 
500 F 


1000 F 
1500 F 
2000 F 


Recommended Service 
Bock up... 
Exposed 





05—06 at 
2,000 F 


151 
19 
23! 
2.70 


F 2300 F 
F 2300 F 


onductivity is expressed in Bt 


per hour of the des 


nm. per sq ft per F 
gnoted mean temperatures 


2 F 
2 F 
Note Above tests ore ino 
with ASTM 


ordonce 
tentotrve standards 








Johns-Manville foie 
—— INSULATIONS 
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SILVALOY TECHNICIANS REPRESENT 

THE “TOP BRAZING BRAINS” IN THE : 
EACH MAN IS A QUALIFIED AUTHORITY ON 

BRAZING PROCEDURES. THIS SILVALOY STAFF IS a 
YOUR SERVICE WITHOUT CHARGE OR OBLIGATIONS, 





























Brazing Alloys and APW Fluxes are products of outstanding metallurgical 
research and experience. They are made by the world's largest refiners 


of precious metals... your assurance of a dependable source of supply 
for “the finest brazing alloys made.” 

Because you ore interested in speeding production, lowering 
costs and improving brazing results, investigate Silvaloy pre- 
formed rings, forms and shapes. They may help you to pro- 
vide a practical, profitable answer to your problems. You can 
find this out quickly and without cost or obligation by discuss- 
ing your brazing problems with a Silvaloy technical advisor, 
Take full advantage of this service. 

Crmplete stocks of all Silvaloy Silver Brazing Alloys and 
APW Fluxes are maintained by ovr distributors for “fast de- 
livery.” Call them for prompt, intelligent service. * * * 


APW flexes ore 
pockaged in 
contoiners from 
% Ib, to 65 Ibs 


THE AMERICAN PLATINUM WORKS 
NEWARK, N. J. 


EAGLE METALS COMPANY 
SEATTLE, WASH, + PORTLAND, ORE. 
SPOKANE, WASH. 


EASTERN WELDING SUPPLY COMPANY 
NEW YORK, N. Y. 


THE 


} 


Sharh 


i | ! Vi 
| Ay 


4 met ae 


231 NEW JERSEY RAILROAD AVENUE, NEWARK 5, NEW. 


EDGCOMB STEEL COMPANY 


PHILADELPHIA, PA. » CHARLOTTE, N.C. 


BALTIMORE, MD. « YORK, PA. 
KNOXVILLE, TENN. 


THE HAMILTON STEEL COMPANY 
CLEVELAND, OHIO 
CINCINNATI, OHIO 


nN 


PITTSBURGH, PA, +» CINCINNATI, OHIO 


STEEL SALES CORPORATION 
CHICAGO, ILL.» MINNEAPOLIS, MINN. 
INDIANAPOLIS, IND, » KANSAS 

CITY, MO. + GRAND RAPIDS, MICH. 
DETROIT, MICH. « ST. LOUIS, MO. 





Refractory Cement Selection 


Made Easy 


Type of metals vse of Norton cement i ’ how 
furnace melted coment number description ; opplied 


for ferrous melting furnaces 











indirect elloy iron and lining RAI144 coorse grain 
molieable iron Alundum* cement rammed 

orc a a -—— - + 
patching 
oom . 


RA1160 rammed 
= dl . 


— = 


troweling RA162 fine groin . troweled 
eround electrodes Alundum cement 





alloy steel and lining roof ond RAI1144 coorse grain ‘ rammed 
malleable iron cround electrodes Alundum cement 
_1 


lining roof and RAIIOS very coorse grain rammed 
eround electrodes Alundum cement 
patching RA1160 rommed 





stainless steel lining RM1169 very coorse grain rammed 
and refractory Magnorite* dry 
olloys cement 


_ }— - 


—EE 2 EE —— . oun 
patching large RMBOB medium grain rommed 
furnaces Mognorite cement 
= . . 





= — . 
RA1171 medium grain troweled 


patching small 


furnoces Magnorite cement or rammed 





for non-ferrous metal-melting furnaces 





low refractory alloys, lining coorse grain 
{ cupronickel, Magnorite cement 
poamey nickel silver, 
induction high copper 
olloys Al, Te, 


Si bronzes 


nickel silver RAIIOS very coorse grain rammed 
Alundum cement 


brosses not RAI144 coorse grain rommed 
more than 90% Alundum cement 
copper or less 


then 10% zinc 





indirect nickel and lining RAI144 coorse grain rammed 
high nickel alloys Alundum cement 
patching RA1160 
crucible brasses ond lining and aciies coarse grain 
bronzes patching Crystolon* 





melting 
my cement 
furnaces! — ent . : 

lining and RC1133 coarse groin rammed 


patching Crystolon cement 


lining and RC1204 coorse grain rammed 
patching Crystolon cement 





reverberatory brasses ond lining ond rciies coorse grain : commed 
furnaces ¥ Srenase potching Crystolon cement 
lining and RC1133 coorse grain 
potching Crystolon cement 





lining ond RC1204 coorse grain 
patching 











Crystolon cement 














@ Cement not in contoct with metal, used in combustion chamber 
VY Cement in contact with metal. * Trade-morks Reg U. S. Pot. Off. and Foreign Countries 








This Chart is a synthesis of several Write for Bulletin 863. Norton Company. 320 New Bond Street, 


, Worcester 6, Mass. 
charts from a new 16-page bulletin 





just prepared by Norton refractory 


oseck yeooaigmaaad labora- WNOR TON 


Titled “Norton Longer Lasting : 
Refractory Cements,” this fact- Making better products to make other products better 


packed bulletin covers the proper- 
ties, selection and application of the S ‘ l REFRA CTORIE Ss 
correct cement for your refractory ecua 


requirements. 











Vetal Progress; Page 836 





Copyright, 1950, by American Society for Metals, 7301 Euclid Ave 


. Cleveland 3, Ohio 
a year in U.S. and Canada ( foreign, $10.50); single copies $1.50; special or annual issues $2.00 
Feb. 7, 1921, at the post offic e at Cleveland, under the Act of March 3, 1879 


Published monthly ; subse ription $7.50 
Entered as second-class matter, 


The American Society for Metals is not re sponsible 


for statements or opinions printed in this publication. Requests for change in address should include old address of the subscriber; 


numbers missing due to “change in address” cannot be replaced; claims for undelivered copies must be made within 60 days 





METAL PROGRESS 


Ernest E. Thum, Editor 


Vol. 58 


December, 1950 





Table 


Grand Prize, @ 1950 Metallographie Exhibit, 
to Sten O. Modin 842 


Technical Articles 
The Supply of Nonferrous Metals, 
by C. Donald Dallas 


Carbo-Nitriding in Present Practice. 


by Walter H. Holeroft 
Effect of Nuclear Radiation on Metals, 


Billington and Sidney Siegel 


Distortion of Toolsteel in Heat Treatment, 
by J. - Riedel 
Heat 


Titanium, by 
De Pierre 


Treatment and Structure of Commercial 


Joseph Maltz and 


Vineent 


Power From Atomic Reactors 


by Lawrence R. Hafstad 


Hammersmith 


Works, by EF. 1 


America’s First Successful Lron 
Bartholomew, Jr. 


Cor respondence 


Notes on Russian Metallurgy, 
by \. H. Polakowskhi 


Vanadium, by Alan U. 
Mi KRechnie 


Oxvgen for Steel Refining. by G. Husson 


Seybolt and Robert 


Departments 


Data Sheet: Resistance to Attack by Liquid 
Metals. by LeRoy R. Kelman. Walter D. 
Wilkinson and Frank L. Yaggee 


Personals 

Engineering Digest of New Products 
Manufacturers’ Literature 820-A & B 
Advertisers’ Index 940 


Volume Index facing p. 930 


of 


Contents 


Critical Points, by the Editor 


Railway Cars in Production Today's 
Magnesium Metals of Tomorrow 


The Case of Prof. Dr. Guertler 


tbstracts of Important Articles 


Hot Working of Tin Bronzes 


Abetracted from “The Hot Working of Tin Bronzes’’, 
by D. W. Dugard Showell, Journal, Institute of Metals 
(London), Vol. 76, 1950, p ’ 


\ Britisher Comments on American Welding 
Abstract of “The Resistance Welding of Mild Steel 
Sheet”, by W. oS. Simmic, Journal of the 
Welding Society, August 1950 P 651-054 


Amerecan 


Creep of ( opper 
Abstract from “Creep of High-Purity Copper bey 
W. D. Jenkins and T. G. Digges, National Bureau of 
Standards Research Paper No, 2121 


Radioactive Sodium as a Metallurgical Tracer 


Abstract of “ Modification in Alumimum-Silicon Alloys”, 
by B. M. Thall and Bruce Chalmers, Journal of the 
Institute of Metals, Vol. 77, part 1, 1950, p. 79 


German Steels 


Abstract from “The Ferrous Metal ladustry in Ger 
During the Period 1999-1945", by George 
Patchin and benest Brewin, Over-all Report No. 15 of 
the British Intelligence Objectives Subcommittee 


many 


kxtrusion Effects 


Abstract from 
With 6.5% 
schung, Vol 


batrusion Effects in Al-Za-Mg Allove 
Zn and 3.5°) Me by G. Siebel, Wetallfor 
2, 1947, p. 331-340 


( upola Practice 


Abstract of four articles in Journal of Research and 
Development (Britieh Cast tron Research Assoc.) by 
W. H. Bamford (Vol. 3, p. 41), W. C.. Newell (Vol. 3 
p. 103), kb. ©. Evans (Vol. 3, p. 109) and W. J. Driscoll 
(Vol. 3, p. 201) 


Cast Al-Cu-Si Alloys 


Abstract from “Aluminum Foundry Alloys Based on 
the Al-Cu-Si Ternary System™, by F. Bollenrath and 
Hl. Groeber, Metallforschung, Vol. 1, 1946, p. 111-116 


December, 1950; Page 837 


BOO 


890 


900 


906 





Now, a high strengt 
A L LOY that 
Machines Easily 


Never before an alloy steel that offered 
you these combined advantages! With Ryerson 
Rycut you can speed up production—reduce down- 
time—get a better surface on your machined prod- 
uct! This remarkable medium carbon alloy machines 
25° to 50°, faster and at much higher tensiles than 
other alloys of the same type! It actually doubles 
may even quadruple your tool life! And grinding is 
often unnecessary because many parts may be finish 
machined. 

Though offering you all these time and money 
saving advantages, the initial cost of Rycut is prac 
tically the same as that of standard medium carbon 
alloys! 

Rycut responds uniformly to the conventional oil- 
quench method of heat treatment. It may also be 


SEPH T. RYERSON A SON, INC 
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flame or induction hardened. And when heat treat- 
ing Rycut, your Ryerson alloy certificate guides you 
to the required results. 

Rycut is available for immediate delivery—an- 
nealed or heat treated —in rounds, flats or squares, in 
a wide range of sizes. For test samples or a large 
shipment, contact your nearby Ryerson Plant. 


PRINCIPAL PRODUCTS 


CARBON STEEL BARS — Hot rolled & ALLOYS——Hot rolled, cold finished 


PLANTS AT. NEW YORK 
DETROIT © PITTSBURGH «© BUFFALC . HICAG 


cold finished 

STRUCTURALS — Channels, angle 
beams, etc 

PLATES—-Mony types including In 
land 4.Way Safety Plate 

SHEETS—Hot & cold rolled, many 
types & coatings 

TUBING — Seamless & welded, me 


honical & boiler tubes 


PHILADELPHIA ° 
ST. LOUIS « LOS 


heot treated 
STAINLESS — Allegheny bors, plates 
sheets, tubes, etc 


TOOL STEEL—Oil!l and woter hord 
ening 

REINFORCING — Bors & Accessorie 
spirals, wire mesh 

MACHINERY & TOOLS for meto 


fabrication 


CINCINNATI *¢ 
ANGELES * 


LEVELAND 
AN FRANCISCO 





The Chairman of one of the principal copper and brass fabricating 
companies believes that our current resources in copper, zinc, aluminum 
and lead are sufficient for foreseeable rearmament and stockpiling 
programs with enough left over for almost all normal civilian demands. 





The Supply of Nonferrous Metals’ 





& Ir 1S CLEAR that the nonferrous metals are 
among the most important keys to the 
national economy in the period immediately ahead 
Probably no other products or services, with the 
possible exception of electrie power, will do as 
much to determine the extent to which we can meet 
the needs of the armament program without cut 
backs in the production of civilian goods 

The assumption here is that there will be no 
shooting war after the clean-up in Korea, but that 
stockpiling and the arming of the country and of 
the Atlantic nations will be accelerated 

Fabricating Capacity Our nonferrous fabri- 
cating industries have the plant capacity to turn 
out enough products both for the expanded military 
program and for a high rate of civilian consump 
tion. There are also unused facilities left over from 
the last war, Government plants maintained in 
“mothballs” Most companies meanwhile have 
expanded their capacity for peacetime production 
and have improved their plants and equipment 
Technical research has added to the quality and 
diversity of products 

As an example of productive capacity, we 
might cite figures for the copper industry. Fabri 
eators in August of 1950 consumed 137,000 tons of 
copper, or at the rate of 1,644,000 tons a year. This 
rate was approximately that of 1943 and 1944, our 
biggest war vears. Considering that wartime pro 
duction is in the heavier gages, it is clear that our 
capacity to fabricate under emergency circum. 
stances is far above that of the last war, perhaps 

*Paper read before the @ Business Forum, 32nd 


National Metal Congress and Exposition, Chicago 
Oct. 26, 1950. 


as much as 25% higher, or at the rate of 2,000,000 
tons a year without use of idle Government plants 

In fact, wherever we look among the industries 
of this nonferrous group, we find that the limiting 
factor in the period ahead will not be capacity to 
fabricate metals or manufacture finished products, 
but the availability of ingot 

Ore Supply It is often said that higher prices 
for copper will encourage more mining. Such 
statements are misleading and contrary to the facts 
These are 

First, that the production of marginal, high 
cost copper mines adds only very slightly to the 
available metal. Furthermore, most of the high- 
cost mines have been in production through the 
war and postwar period. The greatest domestic 
mine production of copper so far recorded was in 
1943, when the total was 1,114,149 tons 
largest producers accounted for over 1,000,000 tons 


The seven 


of this whereas 210 small mines, many of them 
aided by direct Government subsidies, produced 
only 83,000) tons There is no hope that even 
present high prices, which have stimulated over-all 
production somewhat, will provide any important 
contribution to the supply of available metal 
Second, it takes as much as five years to bring 
“a new copper mine into production, and surely not 


less than three years, even under emergency condi- 





By C. Donald Dallas 
Chairman of the Board 
Revere Copper «& Brass. I ne . Veu York City 
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tons 

ot 

industry 
But 


needs 


distinguished more than rate 
Institute 
Armour 


Donald 


by 
19O2, 


. the 


for 


increased military 
the 


been 


the copper under 


born 


following 
have 


snadian armament program 
unofficially 
13,000 month 
piling 18,700 
month for the first eight months 


of the year 


about 
Stock- 


tons 


estimated 
. to act 


stern 


tons a 


of 
firm 
In 
1 forming 
other 


: averaged a 
ow re d 
nts 1928 ‘ 
Assuming a major 
ot to 

month it 


stox k- 


I 
acceleration 
30.000 


sizable stockpiling 


re Copper and 


tons a which 


second largest 


hasn't reached yet) such 


in fabrication 


piling for 
military needs totals 43,000 tons 
This, subtracted from 
the current supply level of 127,000 tons a month, 
leaves 54,000 tons available for industry 
the 


plus consumption 
a month 


as against 
1949. 
Exports 
the 
stimulus of high prices we may expect that a little 
be squeezed out 
well be upped to 50,000 tons a 


average of 88,000 tons consumed in 
the 


curtailed, 


However, this isn't whole story 


are now being rigidly and under 


additional metal will somehow 
Net 
month, and domestic supplies to about 90,000 tons, 
of 140,000 tons 


military 


tnports may 


for a supply total 


alter 


a month which, 


stockpiling and needs, will leave 
like 97,000 for 
industry and peacetime uses which last year needed 


88.000 tons 


something tons a month civilian 


only 


This does not presage any “real hardship for 
It that the 
wholly abnormal conditions of recent months, plus 
the el 


inflation, 


the American citizen seems evident 


ar results stemming from our 


the ol 


shortages of copper which in fact do not exist 


monetary 


have caused illusion tremendous 


In view of present high prices and abnormal 


demand for copper, we are led to question seriously 


Vetal Progress: Page 840 





whether an accelerated rate of stockpiling is justi- 
fied. Our supplies of copper are principally of 
Western Hemisphere origin, and the total produc 

tion of this hemisphere has exceeded 2,000,000 tons 
in several war years. This was actually 25% more 
than we used in America in our heaviest war years 
and was available for shipment to our Allies. In 
addition, we actually stockpiled 481,000 tons of 
copper, beyond requirements, during these years 
The fact is that in the event of war, all the stocks 
of copper in the United States, in anybody's hands, 
become our stockpile for military purposes, and all 
the production of new metal in the Western 


Hemisphere is at our disposal.? 


Zine, Aluminum and Lead 


Recent shortages of zinc have been even more 
acute than of copper. Stocks of slab zine have 
been reduced this year from 94,000 tons to 10,000 
tons at the end of September —- less than five days’ 
production. Domestic production has been much 
below current demand from industry plus stock- 
piling. But this industrial demand and stockpiling 
are as much inspired by fear as anything else, and 
the stockpiling program in zine has created a 
similar situation to that in copper.t 

Imports of zine in 1950 have roughly balanced 
stockpiling, so the domestic production has been 
entirely available to industry. This production has 
been 75,000 tons a month, which compares with 
consumption by industry in 1949 of 59,000 tons a 


month. So you see that even with increased stock 


*+Mr. Dallas does not mention the enormous actual 
“stockpile” of pure and alloyed copper existing in the 
United States. All articles made of these materials are 
quite permanent, and represent an enormous accumu 
lation. Normal recoveries of copper from demolition 
scrap and obsolescent articles (junk) amount to about 
30% as much as the refinery production from ore and 
could be greatly expanded by appropriate incentives 

tChicago Journal of Commerce on Oct. 26, 1950, 
quotes custom smelters’ price of special high grade at 
18.75¢ per Ib. delivered, whereas “New York Zin« 
Futures” are quoted at 28.75¢ for November delivery 


piling, and increased military needs, there will still 
be much zine left for industry 

Figures on aluminum are not so precisely 
There 


are excess fabricating facilities available in this 


available as in the case of the other metals 


industry, but as in the case of the other metals 
there is insufficient supply of ingot for the present 
level of demand. The principal bottleneck here 
appears to be electric power, needed in the reduc 

tion process and not subject to ready increase 
Wartime plants were built in the areas of high 
electric power costs, and these have been to some 
extent dismantled in the intervening years. The 
military program will take a greater proportion of 
aluminum production than is true of copper, but 
nevertheless there appear to be enough supplies of 
aluminum in sight to maintain an industrial level 
for civilian goods of substantial height.** 

Lead is the least scarce of the important non 
ferrous metals and does not appear likely to be a 
problem under any conditions now foreseeable.t' 

This rapid survey, I think, has made the point 
that the current shortages of the nonferrous metals 
which plague industry are the result of excessive 
demand from industry and government. There has 
been fear-inspired buying; there has been hoard- 
There is 
actually enough metal to support the 1949 level of 
civilian output, the present high rate of stockpiling, 


ing; these have caused the shortages 


and military demands as now forecast 6 


**See Metal Progress for August 1949 (p. 204) and 
July 1950 (p. 56). Wartime peak of primary ingot 
capacity was 1,162,000 tons per year Fotal econom 
ical capacity in the United States is now about 680,000 
net tons per year. American consumption for some 
months past has been considerably more than at this 
rate, the difference being largely supplied by the 
350,.00-ton capacity plant of Aluminum Co, of Canada 
at Arvida, Quebec. On Oct. 27 the National Production 
Authority issued Order M-6 instructing the various 
factors in the fabricating industry to accept “rated 
orders” (popularly called DO orders D for defense) 
up to approximately 25% of their scheduled shipments. 

Journal of Commerce quotations: Custom smelt 
ers’ price for common lead, New York, 16.00¢ per Ib.; 
lead futures, New York, 17.40é¢ for December 


Vertical Edgers in Return Table of Reversing Hot Mill at Revere’s Baltimore Plant 


———— 
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Grand Prize. 1950 Metallographie Exhibit 





Veining in Ferrite 


Vetallographer: Sten O. Modin, Metallografiska 
Institutet, Stockholm, Sweden 
Class 3: Irons and alloy steels in wrought 
condition 
Vaterial: Rolled bessemer steel bar, 15 mm. square 
( Si Mn P S N 
0.09 0.20 0.028 0.005 oO. 
Heat treatment: Normalized at 950° C. (1750° F.) 
Etching Reagent: 4 picriec acid in aleohol fol 
lowed by an alkaline solution of sodium picrate 
Vagnification: 1500 diameters 
Structure: Veining in ferrite 
Hlumination: Oblique 











fee Wirn 355 individual entries submitted by prize winner sending samples of their work 


102 contestants, the Metallographic Exhibit from Sweden, Finland, Great Britain, Austria, 
held during the National Metal Exposition in Holland, Spain, Belgium, Australia, and Japan 
Chicago was the largest in the five-year history of The judges found several examples of “perfect 
this annual event. A healthy trend is also noted metallographic technique” a dilemma resolved 
in the increasing foreign representation, about by awarding the grand prize on the further cri- 
40 of the contestants including the grand terion of the difficulty of the subject 
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Heating of steel in a neutral carrier gas plus methane and ammonia can produce various 
effects with minimum distortion ranging from carbon restoration or superficial nitrid- 
ing to fairly deep and complex cases, depending on the gas mixture and heating cycle. 





eT OTD 


Carbo-Nitriding in Present Practice 





cy A very considerable number of articles has 
appeared in the technical press in the last 
five years concerning the carbo-nitriding process 
The word “carbo-nitriding” is used advisedly, not 
so much because the present author believes he 
coined the word, but because it has been included 
in the list of standard terms relating to heat 
treatment by the joint committee of the American 
Society for Metals, the American Foundrymen’s 
Society, the American Society for Testing Materials 
and the Society of Automotive Engineers. This 
definition for carbo-nitriding is: 

“A process in which a ferrous alloy is case 
hardened by first being heated in a gaseous atmos 
phere of such composition that the alloy absorbs 
earbon and nitrogen simultaneously, and then 
being cooled at a rate that will produce desired 
properties.” 

A student of the literature will appreciate that 
this term embraces operations variously described 
as “dry cyaniding”, “gas cyaniding”’, “nitro 
carburizing”, “nicarbing”, “nitro-cementation”, and 
perhaps by other names Since exceedingly 
numerous combinations of alloy being hardened, 
temperature, time, gas analysis and quench can 
apply, it is not surprising that different viewpoints 
have been recorded concerning the commercial 
value of the process, the properties of the case, and 
its essential constitution Practical applications 
have far outstripped technical understanding. Even 
today there is little accurate information concern- 
ing the iron-nitrogen equilibrium system, let alone 
the ternary iron-carbon-nitrogen system, so any 
scientific basis for an understanding of the metal 
lography is missing 

As background it should be mentioned that the 


process ol carbo-nitriding as now practiced has 
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been in use less than 15 years. Actually a patent 
issued in 1883 had for one of its claims “the 
process of treating iron or steel in a closed cham- 
ber by subjecting the iron or steel to the action of 
hydrocarbon vapor and nitrogen supplied inde- 
pendently or together in regulated quantities”. A 
recent search of the literature and patents revealed 
not only the patent mentioned but that the general 
idea had been investigated by many individuals 
and companies, but apparently had never been 
reduced to practice in production-type furnaces 

The background of our own efforts began with 
the realization that a successful heat treatment of 
steel without changing its carbon content at the 
surface required a chemical equilibrium between 
carbon in the surface layers of the hot steel and 
the carbon monoxide, carbon dioxide and water 
vapor in the surrounding furnace atmosphere. We 
were able to design and construct in 1935 a non 
decarburizing furnace for Dodge Motor Car Divi 
sion of Chrysler Corp. Actually this furnace was 
able to restore lost carbon in the surface when 
hardening axle shafts Subsequently, a gas gen 
erator was patented which allowed us to make a 
gas whose principal constituents were carbon mon- 
oxide, hydrogen and nitrogen. By the use of gas 
from this generator plus a hydrocarbon addition, 
light case carburizing at 1550° F. became practi 
cable and controllable We therefore proceeded 
to install furnaces at Buick in Flint and at Ford's 


Rouge plant to put a light case on transmission 





By Walter H. Holcroft 
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gears. These furnaces are still operating; they have 
an externally heated, alloy muffle; trays are pushed 
through the muffle and automatically quenched in 
oil at the discharge end. The gears passed the 
dynamometer tests set up for cyanided gears, and the 
furnaces were immediately put into full production 

In comparing the type of case obtained from 
these furnaces with that obtained from cyanide 
pots a marked difference was noticeable which we 
could attribute only to the nitrogen in the cyanide 
We therefore added ammonia to our generator and 
hydrocarbon gas and thus got carbo-nitriding 

Subsequent work in our laboratory showed 
the usefulness of this process in’ temperature 
ranges from 1200 up to 1650° F. and we have built 
furnaces for operation at various temperatures 
throughout this range Further laboratory work 
showed the possibility of producing a carbo 
nitrided case at 1550 to 1600° F. and then (in the 
same furnace) decreasing the temperature to 
around 1000 or 1100° F. and quenching from this 
lower temperature. This process, which we called 
“quenching below the critical point” is in opera 
tion, and permits us to obtain a hard case with 
an “annealed” core 


Scope of the Process 


One difliculty with the name “carbo-nitriding” 
When one 
mentions gas carburizing, for example, one gen 


is that it covers too broad a field 


erally thinks of treating low-carbon steel in a 
temperature range of 1650 to 1750°F. in such a 
way that surface carbon concentrations range 
from 0.90¢° up to saturated austenite. The term 
carbo-nitriding, however, is not subject to such 
close limitations. The material processed in fact 
may even be cast iron or powder metal compacts, 
rather than steel. Theoretically it is possible to 
vary the carburizing and nitriding potential of the 
gas atmosphere for each temperature within the 
range of 1200 to 1650°1 


tude of different types of cases 


thus obtaining a multi 
All may traly be 
called carbo-nitrided 

We may make a “rule of thumb” division of 
carbo nitriding into three separate classes, accord 
ing to the nature of the work These are shown 
in Table I, listed according to their relative 
importance as 

Ciass 1 Work requiring case depths of 0.002 


in. or more but not falling in Class 2 or Class 3; 


Crass 2 Work subject to excessive distortion 
in heating and liquid quenching; 
, 


Ciass 3 Work requiring a hard surface and 


in annealed core 


Considering these briefly in the reverse order, 


the third classification, “quenching below the crit 


ical point”, has a rather narrow field of applica 


tion and its principal use as far as I know has 
been for heat treating automobile control arms 
The second class is generally used on stamp- 
ings or pressed metal parts where a light, very 
wear-resistant case is required and distortion is 
problem. Such carbo-nitriding is generally don 
at temperatures between 1200 and 1450° 1 In 
order to prevent distortion in cooling, these parts 
usually are not quenched in oil but cooled slowly 
in a water-cooled jacket attached to the furnace, 
or blast cooled by circulating a large volume of 
Blast cooling 
may use fans in the water-cooled section; alter- 


cold atmosphere through the work 


natively some atmosphere gas may be drawn from 
the cool end of the furnace, passed through a 
radiation-type cooler, and blown into the cooling 
chamber. Work falling within this second class 
requires atmospheres containing fairly large pet 
centages of ammonia and is therefore relatively 
more expensive than Classes 1 and 3. The type of 
case obtained resembles that obtained in straight 
nitriding, although both carbon and nitrogen are 
added to the steel. It has been used for carbo- 
nitriding cylinder sleeves, ball caps, thrust wash- 
ers and other similar parts where case depths of 
0.007 in. and less are required. 

The first class, done at temperatures above 
1450° F., comprises 90° of the work. The balance 
of this paper will be devoted to this class 


Medium Temperature Carbo-Nitriding 


Lower temperatures in the range for Class 1 
that is, 1450 to 1500° F 
0.002 to 0.003 in 


will produce cases of 
At such temperatures diffusion 
is relatively slow; consequently, a more uniform 
light case depth will result when treating dense 
loads. The reasons back of this will be easily 
understood if one remembers that at any given 
temperature the total case depth varies approxi 
mately with the square root of the time at heat 
For instance, at 1450° F. the total case depth in 
1 hr. may be 0.010 in. Half of this would be 
obtained in 15 min.; a quarter of this (0.0025 in 
would require only 4 min. at heat 

Temperatures of 1500 to 1550° F. are used for 
heavier cases (0.005 to 0.010 in.) and still higher 
temperatures for even deeper cases These tem 
peratures of operation are based on the assump 
tion that a low-carbon steel is being treated and 
that the core structure is not of primary impor- 
tance. The quenching temperature necessary for 
the required core properties in) medium-carbon 
steels will of course narrow this temperature range 
of operation 

This same consideration — core properties 


is what decides the type of quenching medium to 
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be used-— whether caustic, water, soluble oil, or 
oil When the parts have a tendency to distort 
beyond allowable limits we can use hot oil or hot 
salt. Parts have frequently been refrigerated 
after quenching; sometimes the Rockwell hardness 
has thus been raised one or more points, but gen- 
erally the advantage is not worth the extra cost 
Atmosphere With this brief 
account of the effects of temperature and quench- 
brief 
the atmosphere requirements. By 


Requirements 


ing mediums we can now proceed to a 
discussion of 
varying its composition different 


case structures can be produced 


many types of 
This being so, 
control is necessary, and in this connection a refer- 
ence to furnace construction is in order 

The carbo-nitriding furnaces in operation 
today are of the muffle or the radiant-tube type 
More recent installations are almost all of the 
latter Radiant fired or 
electrically heated. The furnaces may be pusher- 


tubes are either gas 


tray type, rotary, roller hearth, conveyer or batch 
Where dense loading is used, fans are installed to 
insure circulation of the atmosphere gas through 
the work in order to get uniformity of case 
Regardless of type of furnace, one fundamental 
requirement must be met and that is that the hot 
work be surrounded at all times in gas of the 
therefore 
for the furnace to have entrance and exit vesti- 
If either of 
these vestibules is omitted, dirty work of variable 


correct composition It is necessary 


bules attached in a gas-tight manner 


case composition may be expected. It is also 


necessary to provide a sufficiently large volume 
of generator gas to purge the vestibules, to replace 
losses when outer doors are open, and to provide 
sufficient furnace pressure to prevent air infiltra 
seem axiomatic but 


tion. These statements may 


failure to apply these principles accounts for a 
considerable portion of the unwanted variation in 


results obtained from commercial equipment 


The 1, 2, 3 of Carbo-Nitriding 





Class | 
Light Case 


Work requiring case depths of 0.002 


in. or more, but not in Class 2 or 3 distortion on 


Materials formerly liquid cyanided, 
or liquid carburized, or compound car- 
burized, such as gears, pins, bushings 
valve lifter adding-machine parts 
automotive hardware, cams, shafts, 
washers, spacers, engine parts 


washers 


Medium; 1450 to 1650° F Low 


Class 2 
No Distortion 
Characteristics 
Work otherwise subject to much 
heating and cooling and an annealed core 
Parts Applicable 


Cylinder sleeves, ball caps, thrust 
valves 


Temperature Range 
1200 to 


Quenching Medium 
Slow cool or blas* 


Class 3 
Controlled Core 


Work requiring a hard surface 


Control arms for automobiles 
and similar items 


1450° F Duplex treatment; first a high 
range (1550 to 1600°F.), then 


furnace cooled to 1000 to 1100° F 


quench Water, soluble oil, or oil 





With low ammonia addition, similar 
to that from liquid cyaniding. Increas- 
ing ammonia increases the amounts of 
nitrogen in the case 


0.002 to 0.035 in 


Use lower temperatures for light 
case increase temperatures for in- 
creased case depth Vary nitrogen 
addition by varying ammonia flows 
Vary carbon addition by varying CO 
Co, equilibrium Ammonia less than 
10% of the generator gas usually gives 
highest hardness and best case 


Resulting Microstructure 
Similar to nitrided cases, although 
both carbon and nitrogen are added 
A white outer layer is backed up by 
one or more inner layers. Distinct 
interfaces are obtained between lay 
ers and core 


Rockwell Hardness 
C-35 to 55 ‘converted from 15-N 
cale); file hard 


Case Depth 
0.001 to 0.015 in 


General Remarks 
High ammonia flows are required 
and careful control of process to 
prevent formation of a spally case 
Properly applied case is very wear 
resistant, even when showing a low 
Rockwell hardness 


Case is similar to Type 1; an- 
nealed core 


C-57 to 60 ‘converted fron 
15-N scale’; file hard 


0.005 to 0.020 in 


Very limited field of application 
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Any discussion of the relationship between 
the nature and depth of case on the one hand, and 
the analysis of carrier gas, proportion of ammonia, 
time and temperature on the other hand, would be 
too lengthy for the limitations of one article. As 
noted in the opening paragraphs, considerable 
difference in opinion has been expressed. Like- 
wise, several publications have had undue influence 
when it is remembered that the experimental 
conditions which those authors used were not 


representative of commercial practice. Furthermore, 


the investigator often notes only the composition 


of the gas streams entering the furnace, whereas 
the true criterion is of course the composition of 
the atmosphere in contact with the hot steel parts 

As a result of much laboratory work, pub 
lished in part in Metal Progress in September 1947 
and February 1948, supplemented by a dozen years’ 
experience with production, we have concluded 
that the amount of carbon in the very surface of 
the steel is the amount which is called for at that 
temperature by equilibrium between iron and the 
existing mixture of carburizing gases (such as CO 
and CH, 
H, and HLO In other words, the amount of 


and decarburizing gases (such as CO., 
ammonia or nitrogen in the atmosphere — within 
limits does not affect its carburizing action or 
interfere notably with the diffusion of carbon in 
the hot steel That is to say, in carbo-nitrided 
ceases the depth of case and the carbon content at 
various depths below the surface are what would 
be expected from a carburized case of equivalent 
thermal history However, the thermal decompo 
sition of ammonia, making two volumes from one, 
rapidly decreases the partial pressures of the other 
gases considered above when ammonia is used in 


C0) 


high percentages From the equation K 


co) 

it may be seen that if the partial pressure of CO 
is halved (by dilution), the tolerable amount of 
CO, must be divided by four. This means that if 
the CO, in the turnace is as high as may be 
permitted, simple dilution of the atmosphere by 
hydrogen and nitrogen will tend to reduce the 
earburizing potential 

Iwo important exceptions should) be made 
here Nitrogen in solution in iron reduces the 
critical temperature, so that austenite and 
therefore rapid carburization Starts at a lowe 
temperature. Likewise, nitrogen-bearing austenite 
does not transform to martensite as easily as 
normal austenite. Quenched carbo-nitrided cases 
retain more austenite, and while they usually are 
file-hard, Rockwell hardness may drop noticeably 

The above remarks depend upon the premise 
that enough carbon and nitrogen is brought into 


the furnace continually to replace that) portion 


which is absorbed by the steel being treated plus 
any leakage which may occur. It has been our 
belief that the optimum amount of ammonia used 
with a properly controlled carrier gas is consider- 
ably less than is being used in many installations 
In making this statement we refer to that volume 
of ammonia required to add the nitrogen content 
to the case and not to any excess volume which 
may be used to counteract bad carrier gas con- 
ditions. This belief has been difficult to prove 
satisfactorily until recently, when a rapid and 
accurate analytical method has been perfected for 
low amounts of ammonia in the effluent gases 
We now have good evidence that the nitrogen in 
the surface layer of steel increases with the ammo- 
nia content of the atmosphere (time, temperature, 
carrier gas, carbon and depth of the case all being 
equal This is not a surprising result, but it is 
contrary to some published statements 
Another controversial point — or, rather, point 
of disagreement among students of carbo-nitriding 
is the relation between temperature and inten- 
Everyone will admit that if the 
furnace is operated at temperatures below what 


sity of nitriding 


would be the normal critical temperature, the case 
has the appearance of a nitrided case-—a_ thin, 
intensely hard, white layer even though analysis 
shows that carbon has been added. Nitrogen has 
lowered the critical temperature for the solution 
of carbon, but as this temperature is exceeded in 
the work chamber the case produced has more and 
more the characteristics of a carburized case and 
the “white layer” becomes very thin (if it exists 
at all) without sharp demarcation 

Such undoubted facts have led to the assump- 
tion that 


ammonia) the amount of nitrogen absorbed and 


in commercial operation with minimum 


present in the surface layers decreases with 
increasing temperatures This conclusion from 
practice seems to be verified by scientific work by 
Messrs. Rengstorff, Bever and Floe at) Massachu- 
setts Institute of Technology, reported to the recent 
annual meeting of the A.\S.M. in Chicago hese 
investigators find X-ray evidence of the nitrogen- 
rich iron carbo-nitride ‘epsilon phase) in cases 
made at 1300° F., but not at 1400 to 1500°1 

To summarize, it may be said that carbo- 
nitriding is a well-proven commercial process 
wherein the good characteristics of a cyanided 
part may be achieved in mass production without 
the disadvantages of the older cyaniding pot. The 
interrelation of carbon, nitrogen and temperature 
on the steel’s critical point and the hardenability 
can be exploited intelligently by the metallurgist 
to produce parts economically with excellent wear- 
resistant surfaces, a minimum of distortion, and 
proper physicals in the core S$ 
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Intense radiation, such as exists within a uranium reactor, can be expected to disrupt the 
crystalline architecture of a metal exposed to it. In this article certain theoretical predictions 
are checked by experiments on some pure metals and some common alloys, wherein their hard- 
ness, modulus of elasticity and electrical resistance are compared, before and after irradiation. 





Effect of Nuclear Radiation on Metal 





en IN A NUCLEAR CHAIN REACTOR, More popu- the materials of the reactor so chosen as to be 
larly known as a “pile”, nuclear radiations materials which do not absorb neutrons — many 
of several kinds are present neutrons, y rays, reach thermal equilibrium with their surroundings 
B particles. The neutron is a fundamental nuclear whereupon their energy approximates the mean 
particle of substantially the same weight as the kinetic energy of vibration of the atoms of the 
nucleus of the hydrogen atom but has no electric solid reactor assembly; if this is at 25°C. this 
charge Gamma rays are electromagnetic waves “thermal” energy is about 0.03 ev 

similar to X-rays, of very high energy and very The energy required to knock an atom out of 
short wave length; thus the energy of an X-ray its lattice site in many solids is of the order of 
of wave length | Angstrom unit is 12,345 electron- 25 eV It is thus evident that the massive fission 
volts, while y-ray energies are of the order of fragments having energy near 100,000,000 ev., and 
2,000,000 ev. (2 Mev This energy is very large, neutrons having energy near 2,000,000 ev., have 
because the energy an electron gains in falling far more than is necessary. The distance in which 
through a potential difference of 1 volt (that is, a fission fragment is stopped — that is, loses all 
1 ev.) is equivalent to 25,050 cal. per mole. Beta its kinetic energy to the stopping medium is 
particles are simply free electrons ‘elementary 10* em. or less in solids. In this short distance 
particles of negative electricity) moving at high it gives up 100 Mev., so it is evident that it may 
speed and having energies on the order of 1 Mey displace a great number of atoms and considerably 

Fission of the uranium isotope I is of disrupt the material along its path 

course the fundamental nuclear process in an On the other hand, an energetic neutron, in 
operating chain reactor The most important elastic collisions with nuclei of substances within 
products of the fission process are two highly the reactor, imparts to these a considerable fraction 
energetic atoms (fission tragments) each having a of its kinetic energy. On the average this is given 
mass roughly half of the original U**> nucleus, by a formula for AE wherein 

and kinetic energy of the order of 100 Mev In 2A 
A+] 


E,, being the initial kinetic energy of the neutron 


addition, each fission emits several neutrons of AE 
about 2 Mev. energy corresponding to a speed of 


the order 10° ¢1 ver Sec one thirtieth the speed 
‘ I : ; and A the atomic weight of the struck nucleus 

of light Most existing reactors are designed in : ‘ 
= - ' - For a value of E 2 Mev., a good average for 
such a way that the neutrons are subsequently : 
; 1 : fission neutrons, a beryllium nucleus A 9) 

slowed down by elastic collisions in each of which 


they give up a part of their kinetic energy to the 





atomic nuclei with which they collide. Ultimately, 

after a large enough number of collisions within 
*Edited and styled from U. S. Atomic Energy By DD. S. Billington and Sidney Siegel 

Commission document AECD-2810, declassified March Oak Ridge National Laboratory 

22, 1950 Oak Ridge, Tenn 
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receives on the average 180,000 ev., a coppet 
nucleus (A 64) receives 67,000 ev., a gold nucleus 
(A = 197) receives 20,000 ev. of kinetic energy as 
a result of such an elastic collision This is 
suflicient to knock the struck atom out of its 
normal lattice site, leaving behind a lattice vacancy 
The displaced atom loses its energy acquired 
during the impact primarily by exciting electrons 
of the other atoms it passes along its trajectory 
through the solid, and (to a smaller extent) by 
displacing in turn other atoms from the lattice, or 
by exciting localized lattice vibrations of a mean 
energy corresponding to a temperature higher 
than the average temperature of the material 
While the principal) process involving fast 
neutrons is the elastic seattering just described, 
when the neutrons have been slowed down another 
process becomes more prol able This is capture 
of the neutron by the materials in the reactor 
Gold, for example, would be about 15 times as 
likely to capture a slow neutron as to bounce off 
elastically. Capture of a neutron produces a radio 
active isotope, according to the nuclear reaction 


en! + rg Au! >. Hy od stable 


showing that the radioactive gold ;,Au*®* is unsta 


ble and has a half-life of 2.7 days, decaying to 


Hyg'**. In this manner a foreign atom is produced 
in the lattice 

Thus, irradiation of a solid in a reactor can 
result in displaced atoms, lattice vacancies, local- 
ized thermal vibration, and foreign atoms, each 
one of which theoretically can affect the macro 
scopic properties of the solid. This paper is a 
report of experiments testing whether such changes 
can be measured 


Experimental Methods 


The data to be described were obtained in two 
principal ways. In the first, the properties unde 
investigation were measured on suitably prepared 
samples before irradiation. The samples were then 
exposed in a reactor under known conditions of 
neutron flux and temperature. Finally, the prop- 
erties were remeasured 

After exposure in the reactor, samples are 
generally strongly radioactive, and so facilities 
were developed at the Oak Ridge National Labo- 
ratory for taking measurements on samples having 
an activity as much as 100 curies. (A radioactive 
material decaying at the rate of 3.7 x 10°° dis- 
integrations per sec. has an activity of 1 curie: 
this is about the activity of a gram of radium 
Remotely controlled apparatus, situated behind a 
®-in. lead barrier, was used. Properties such as 
dimensional stability, density, electrical and ther 
mal resistivity, elastic modulus, internal friction, 
hardness, the stress-strain relationship, and others 
can be measured in this fashion. Equipment for 
hardness testing is shown at left 

In the second method of experimentation, 
properties were measured while the sample was 
situated within the reactor. Such measurements 
have been restricted to those in which the infor 
mation can be brought out on electrical leads, and 
so tar have been confined to electrical and thermal 
resistivity The Oak Ridge group is developing 
apparatus for measuring elastic modulus by 
dynamic means, Hall coefficient (distortion of 
lines of electrical force by strong magnetic fields 
perpendicular thereto), and creep while the sam- 
ples are in the reactor 

\ convenient measure of the exposure of a 
sample is the total number of neutrons which have 
crossed unit area. The formula for this integrated 
neutron flux is nvt, where n is neutron density, 
v is neutron speed and ¢ is time. This quantity 
by itself does not specify the exposure completely, 
for the distribution in energy of the neutrons ts 
also important Since the Oak Ridge reactor has 


a heterogeneous, lattice type of structure, with 


Vietal Progress: Page 848 





uranium rods interspersed in a lattice of graphite, 
the energy spectrum of the neutrons depends 
strongly on the local position of the samples with 
respect to the uranium rods 


Experimental Results 


For nonfissionable metals the changes in prop- 
erties are presumably due only to the effects pro- 


duced by collisions with fast neutrons of energy 


high enough to: knock an atom out of the lattice 
This recoil atom dissipates its energy largely by 
ionization of other atoms along its trajectory 
through the solid, and in lesser part by exciting 
lattice vibrations or in displacing other atoms in 
turn. Changes in properties of a commercially 
pure metal may be caused by the displaced atoms 
which crowd into some interatomic space and thus 
distort the regular crystalline lattice, by the local 
regions excessively heated for short times near the 
recoil trajectory, or by the production of a foreign 
atom after a neutron-induced transmutation. Neu 
tron bombardment of alloys, on the other hand, 
may cause metallurgical processes which are other- 
wise entirely inhibited at the ambient temperature 
of exposure. Our experiments may be interpreted 
in the light of the above considerations 

Aluminum Sensitive experiments on the 
damping capacity and the density of high-purity 
single crystals of aluminum were made after an 
exposure of 2 10'* neutrons per sq.cm. in the Oak 
Ridge reactor Damping capacity of single crys 
tals is extraordinarily sensitive to small amounts 
of cold work While an increase in this factor 
was consistently observed after irradiation, its 
magnitude was such that it could not be attributed 
unambiguously to neutron bombardment No 
changes in density could be measured 

Copper Samples of oxygen-free, high-con 
ductivity copper ('4-in. disks, *. in. in diameter 
both annealed and cold worked were exposed in 
the reactor for various times. For short exposures, 
only the annealed samples were hardened appr« 
ciably, from F-36 to F-51 
of the order 5 10 


For greater exposures, 
neutrons per sq.cm., both the 
annealed and cold worked samples showed signifi 
cant hardening. Annealed samples changed from 
F-43 to F-90; the samples previously cold worked 
by swaging changed from F-93 to F-97 

Copper-Gold Alloy* In a simple metal the 
displaced atoms will not all remain interstitially 
stuck in the lattice, for vacancies already existing 
or produced by the neutron bombardment will 

* These experiments have been more fully discussed 
by Sidney Siegel in “Effect of Neutron Bombardment 
on Order in the Alloy Cu,Au”, published in Physical 
Review, Vol. 75, June 15, 1949, p. 1823. 


diffuse into the neighborhood of such an atom, 
and it will then fall into a lattice position equiva- 
lent to its original one. The equilibrium number 
of displaced atoms will depend on the neutron flux 
and on the rate at which vacancies diffuse in the 
solid; this number may be too small to produce 
significant changes in macroscopic properties. An 
order-disorder alloy, however, may show such 
effects produced by displaced atoms and by 
increased lattice vibrations even after the displaced 
atoms have returned to lattice sites, because the 
degree of order in the lattice may have been 
changed. This change in order-disorder will be 
substantially permanent if the experiment is car 
ried out at a temperature below which no changes 
are observed after ordinary thermal treatment 

A well-known example of order-disorder alloys 
is Cu,Au, which can be permanently brought to 
any state of order by appropriate heat treatment 
if the temperature is not subsequently raised above 
about 200°C. Numerous properties, among them 
the electrical resistivity, depend on the state of 
order; in the ordered state Cu,Au has an electrical 
resistivity at 25°C. of 48*10° ohm-em.; in the 
disordered state resistivity is 11.5 10° ohm-cm 

In our experiments samples analyzing 49.1' 
copper and 50.8% gold, in the form of 's-in. round 
rods 2°, in. long, were prepared in the ordered 
state by slow cooling from 400° ¢ 750° F.) during 
50 hr., and in the disordered state by quenching in 
water from 550° ¢ 1020° 1 The samples were 
exposed at various positions in the pile at 40° ¢ 
where the integrated flux per sq.em. of neutrons 
with energy above 50,000 ev. was as shown in col 
umn | of Table I 

It is evident that the electrical resistivity (and 
presumably the degree of disorder) of the initially 
well-ordered samples increases with neutron expo 
sure. On the other hand, the resistivity of the 
initially disordered samples increases by less than 
1; this can be accounted for by the formation, 
through slow neutron capture, of Hg’, an impu 


rity which raises the resistivity 


Table I Resistivity* of Cu,Au Samples 
Before and After Irradiation 





Onpenkep SAMPLES DrsonpEeneD SAMPLES 


Beront ArTret Beront ArTen 


160 5 11.20 11.25 
160 6.25 11.20 11.25 
1.60 7 11.20 11.17 
4.60 8.36 11.20 11,21 
4.60 10.10 11.20 11.30 











*Unit of resistivity: 10-¢ ohm-cm 


nvt above 50,000 ey. Unit is 10° n per sq.cm 
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Copper-Beryllium Alloys elastic modulus measurements were made on the 
: same rods. Some measurements were made on the 
An alloy containing about 2% Be exhibits width of X-ray diffraction lines 

striking changes in physical properties as a result Electrical Resistance An examination of the 
of the precipitation-hardening reaction (gradual data in Table I] shows that the electrical resist- 
precipitation of gamma_ solid solution from a ance of all samples (regardless of heat treatment 
metastable alpha solid solution of beryllium in increased upon irradiation. The biggest increases 
copper). This produces large increases in hard occurred in the solution annealed and in the over- 
ness und changes other properties for example aged states (without cold working A comparison 
the electrical resistivity Ihe fact that this reac- of the relative effect of irradiation on samples 
tion does not proceed with any appreciable velocity which had been cold worked with samples which 
at or near room temperature makes this particular had not is made in the middle portion of Table I 


Our alloy was obtained from the Beryllium It should be noted that heat treatments from 


alloy suitable for these studies exposures to 2.3 10'* neutrons per sq.cm 


Corp. of Pennsylvania; the material had been the solution annealed states show larger increases 
solution annealed and then cold worked (50' in resistance for the same heat treatment, also the 
reduction in area). Its nominal analysis was 2.15 largest effect occurs in the solution annealed state 
Be; 0.2% total Al, Fe, Si; balance Cu. Some data The solution annealed state is the softest state, 
for the high flux density were obtained on samples Rockwell F-14 to 18, while the overaged state is 
of a similar alloy containing 0.2°, Co next in order of softness, F-60 plus or minus 
The usual heat treatments were as follows At the bottom of Table Il data are presented 
1. Solution anneal: 1 hr. at 1470° F.; quench for samples subjected to 20 times the exposure 
in cold water Resistance of all these samples also increased upon 
2 Aging: lto 2 hr. at 550 to 600 I irradiation The increase of resistance in the 
3. Overaging for various periods up to several solution annealed state is not as much as might 
hours in the range 660 to 1110° F be expected from the longer exposure, but the 
Hardness values reported are an average of overaged samples show an appreciable increase 
at least three readings. Electrical resistivity was over the samples with shorter exposures 
measured by the potential drop along a known The electrical resistance was remeasured on 
length of the .-in. rod through which a known the top group of irradiated samples in Table Il 
current was flowing; these measurements have an several times during a six-month period. Values 
accuracy of *0.1 In several instances, dynamik remained constant; thus the effects noted appeat 
to be permanent 
Hardness Irradiation 


Table Il Effect of Irradiation on Electrical Resistance* of Cu-Be Alloy at relatively low levels also 





Hear TREATMENT caused an appreciable in 

IN SoLuTION ANNEALED ANNEALED Pius 50! 
crease in the hardness of 
han Srar Coty Repuction 


SOLUTION beryllium-copper in the ’ 


ANNEAI ution annealed and ovet 
Teme INirian Finan CHuaANnae INITIAL lu . = 


aged conditions Fable Il 
Exposure 10'* neutrons per sq.cm while the cold worked stat 
213.8 240.1 12.3 229.4 
1 hi vilee | 179.6 
Ihe O30" | 130.0 139.3 : 13k 
6 he a4? | 123.1 130.0 ; showed a slip 
10 he O30" | 


- showed no choose, and the 
: P 
! 


81.6 properly hardeom . ite 


123.1 130.9 : The data wel 


Tabie Vil , 
Exposure: 2.3 « 10'* neutrons per sq.cm half of Tadic fl ure tor 


11.3 ‘ 15.0 93).9 34.3 samples exposed to 50 times 

212.3 33.7 10.1 9291.9 29200) 5 the number of neutrons 

12. 27.! 7.1 215.4 220.3 2.3 Hardness increased appri 
im , : ’ , « 9 ; 

80 min : 208.3 °14 } 203.8 206.4 ciably, as would be expected 

ou min 170.2 171.2 U.6 ° 

: Even the properly hardened 

Exposure: 4 10°" neutrons per sq.cm 

samples showed a slight in 

2 ’ ; " 

crease, whereas the corre 

LOO cree 238.3 2 " 

100 min 200.0 8 sponding sample in the short 


240 mi | 130.0 143.1 exposures was softened 


1080 min 2 165.3 192.2 : | slightly 


Elastic modulus was 
*Unit: 106 ohm-« 
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measured both before and after exposure to 4x 10°" 
neutrons per sq.cm. The respective changes were 
+1.6, —0.9, —0.9, —0.6 and +0.5° 
listed at the bottom of Table I 


for the samples 


Interpretation of Results 


It should be noted here that the effects 
observed cannot be due to mere heat treatment 
in the reactor, because its temperature was not 
over 150° F. More important evidence is in the 
behavior of the samples themselves. During their 
normal heat treatment, resistance and hardness do 
not change in the same direction except for a very 
slight increase of hardness during the early stages 
Thus, for a hardened sample, a temperature effect 
would act to decrease the resistance, not increase 
it. An inspection of the initial resistances of the 
samples listed in Table Il will illustrate this point 
Furthermore, a thermal effect would be greater on 
the cold worked sample than on the solution 
annealed sample. Actually it is just the reverse 

1. The degree of radiation effect is a function 
of the heat treatment prior to irradiation 

2. The resistance of all samples increases as a 
result of reactor radiation. All samples increase in 
hardness if the exposure is long enough 

3. The softer the original alloy the greater the 
effect of radiation on the hardness and electrical 
resistance, possibly because the cold worked and 
hardened samples already contain a high degree 
of lattice strain, and thus an additional strain is 
not readily apparent 

4. The more beryllium in alpha solution the 
greater the effect of irradiation. The solution 
annealed state contains the most beryllium 


in alpha solid solution. Furthermore, ove 


on electrical resistance or hardness This may 
indicate that the induced changes rapidly approach 
equilibrium, or it may indicate that the results 
depend on the location of the samples in the 
reactor In one location the proportion of fast 
neutrons to thermal neutrons is probably much 
greater than in the other 

7. The maximum hardness obtained by irra 
diation has not exceeded the hardness obtainable 
by normal heat treatment. A Rockwell of G-105 is 
usually considered maximum for this alloy 

8. Preliminary observations on width of X-ray 
diffraction lines as a function of radiation have 
been made which indicate that samples in the cold 
worked or hardened states whose lines are broad 
ened due to the prior treatment exhibit further 
line broadening as a consequence of irradiation 

9. A 30-sec. immersion in a salt bath at 660° F 
removes essentially all the changes in hardness 
and electrical resistance produced by irradiation 
About 75% of the change in resistance is removed 
after 30 see. at 570° F.. and 30 sec. at 480° F 
removed 30° 


of the change in resistance 


Experiments on Other Alloys 


Stainless Steel Several types of stainless 
steel were exposed to reactor radiation in the form 
of hardness disks. The samples were prepared 
from stock material of A.LS.1L. Types 309, 316 and 
347 The samples were irradiated in the “as 
received” condition, which from hardness meas 
urements indicated that Types 309 and 316 were 


annealed or hot rolled, while Type 347 had appar 


Table Ul Hardening of Irradiated Cu-Be Alloy 





aged samples are heated at temperatures 


Heat TREATMENT 


higher up on the solubility curve and thus 


one CONDI AGING 
rhis oones Prior 
a) 


tEATMENT 
No 


Hanpness, G Scar 
contain more beryllium in solution 


effect can also be seen from the samples in 


Time Temp. Iniviat. Finan CHManor 


Table Il that were exposed to 2.3 10° neu 


trons per sq.cm. Since increasing the length Exposure: 1.8 « 10'* neutrons per sq.cm. 


neh from 1425" I none 14 44 


} 


of time at aging temperature precipitates 
reductior none 87 87 
. No. 2 1 he 570° F 102 100 
re . on after 60 

the re is he ss in alpha solution after 60 min No.2 1 hr 930° F. 6h 6R 
at obo" I No. 2 Ghr. 930° F hy 69 
the change in resistance is directly related ’ No. 2 10 hr 930° F 71 


1 ot 
more beryllium as gamma solid solution, plus o 


than after 5 min. at 565° F., and 


to the amount of beryllium in alpha solution Exposure: 9» 10!" 


neutro 
neh from 1425° 1 none KO 


No decrease in 6 months 1 plus 50 


5. The effects appear to be permanent 
reduction none 95 
6. The effects observed may be sensi No. 2 min. 45° F "4 08 
No. 2 1 he 945° I 101 102 
2 hr 545° I 10 103 
3 hr D45° F 103 104 
1 hr 745° F 8 95 
Exposures greater by a factor of 20 do ; ‘ 18 he 750° F 67 R5 


tive functions of the neutron energy 
whereas the changes noted did not appear 


to be proportional to time of irradiation 











not show a proportionately greater effect 
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ently been slightly cold worked. Tests were made 
on samples of all three types that had subsequently 
been quenched from 1990° F 

All samples, either as solution 
quenched, were hardened very slightly by exposure 
to 1.7 10'* neutrons per sq.em 


received or 


Increases ranged 
from 1 to 3 numbers on the Rockwell B scale 
More extended irradiation (5.1 x 10°" neutrons 
hardened the samples appreciably. Increases were 
12, 15 and 9 B-scale numbers for Types 316, 309 
and 347 respectively. Extending the irradiation to 
8.1 10'° caused a further hardening of only 
number 


60% 


one 
Such a slight increase in hardness for a 
increase in irradiation suggests, as in the 
copper-beryllium, the possibility 
of a rapid approach to satura 


tion of Table IV — 


neutron bombardment 


ordering of the last sample. However, in addition 
to atomic displacements, elastic collisions can pro 
duce lattice greater 
along the track of the 


reasonable 


vibrations of 


than thermal 


energy recoil atoms, and 


that this 
tracks 


estimates show 
along the 
values of the order of 
(of the 


“spikes” 


excessive 
temperature recoil 
2200° F 
10°°° see. These temperature 
effect of highly localized 
quenches from high temperature, and disorder the 
lattice in’ this The dissipated in 
exciting elastic vibrations of this type during the 
exposure appears to be sufficient to account for 
the disordering observed 


may reach 
for short periods 
order of 
produce the 


way energy 


Effect of Irradiation on Hardness of Monel Metal 





effects 
Monel 
from stock 


Monel 
were irradiated un 
identical with 
those used for the stainless steel 
The results, tabulated in Table 
IV, are similar to those obtained 


Samples of 


der conditions : 
| Cold rolled 


35 min. at 1445 
Cold rolled 
( old rolled 





Hear TREATMENT 


EXPosunt . HARDNESS NUMBER 
Rock WELI 


ScALI 


(NEUTRONS 


ren Sg.CM.) DirPFERENCE 


INivian Final 
1's 7 RO 
urs § 11 
lo! 102 
or 102 








on other materials. In all cases 
hardness increased 


Miscellaneous Materials — Hardness measure 
ments were made on other materials such as S.A.E 
1340 steel, brass (63:35 

+ Mn An inerease in 


noted, provided the exposure was great enough 


silicon bronze (3 Si, 


hardness was always 


Discussion of Results 


It should be that 


ments were of an exploratory nature 


emphasized these experi 


No attempts 


were made to monitor the neutron flux accurately, 
nor to 


determine the neutron energy spectrum 


exactly The samples were chosen as generally 


interesting examples, but were not studied exhaus 
tively to determine their 


metallurgical characteristics 


impurity content, grain 
; 5 


size, and other 

Of the two simple metals studied, aluminum 
and copper, the first showed no significant changes 
in properties, the second showed significant changes 
in hardness 


These data are not extensive enough, 


however, to permit) valid) generalizations which 


attempt to describe this contrast in behavior 
rhe observations on Cu,Au may be discussed 
made by the method of 
Frederick Seitz (Transactions of the Faraday Soci 
April 1949 
of displaced atoms produced in the integrated flux 


Table I 


a few per cent, and appears 


in terms of calculations 


ety for which estimate the fraction 


noted in the first column of This com 
puted fraction is only 


too small to account for the nearly complete dis 


However, this hypothesis of localized quench- 


ing from high temperature does not adequately 


Cu-Be 
Wherein the quenched Cu-Be samples 


account for the behavior of the alloys, 
alpha) all 
exhibit an increase in electrical resistivity, while 
the disordered Cu,Au does not. If one considers 
the results on the entire series of Cu-Be alloys, it 
does not seem possible to attribute these to pre- 
cipitation induced by neutron bombardment. The 
Cu-Be and, in 


fact, of the stainless steel and other alloys 


general behavior of the alloys 


seems 
better described in terms of a localized distortion 
of the lattice 


The great rapidity with which the radiation- 


induced hardening of Cu-Be alloys can be annealed 
out lends further this 


support to hypothesis of 


highly localized distortions 
It is 


exposure of 


evident from these that 


radiations in 


experiments 
metals to the energetic 
i nuclear reactor produces changes in macroscopic 
properties; these changes depend markedly on the 
nature of the metal, on its metallurgical state, and 
on the extent of the exposure. It is evident that 


many more funda- 


careful experiments, on such 
mental properties as the crystal structure and its 
lattice, effects of 


temperature of exposure, and effects of annealing 


distortion, energy stored in the 


subsequent to exposure, are necessary before cleat 
interpretations of the effects we have observed can 


be mad (—} 
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Tools may either warp or change volume while they are being heat treated. 
discusses effects of steel composition, quenching medium and tool shape. 


The author 
He tells hou 


to predict the amount of distortion and how to minimize it in practical heat treatment. 





Distortion of Toolsteel 


in Heat Treatment 





THe TERM distortion, as applied to toolsteel, 
ai is used to describe a change in shape or size 
of a tool as a result of heat treatment operations 
used to harden the tool Distortion may be 
considered as being made up of two components 
a/ warpage, which is change in shape with no 
change in volume of the tool, and (b) growth Cor 
shrinkage), which is an increase (or decrease) of 
external dimensions resulting from the volume 
changes caused by hardening 

The warpage factor is usually associated with 
the geometrical shape of the tools and with thermal 
stresses produced by nonuniformity of heating of 
cooling operations. It is practically independent 
of the composition of the toolsteels 

Growth or shrinkage is often called inherent 
distortion: it is a characteristic of each grade ot 
composition of steel and varies considerably with 
the composition rhe inherent distortion is a con 
stant factor only when the heat treatment opera 
tions are specifically defined; variations in heat 
treatment can produce enormous vartations 
so-called inherent distortion of a given grade 

Following are some typical approximate 
inherent distortion “factors” which are commonly 


used in connection with hardening of toolsteel 


toolstee! Ho? to U4 a 


(plu 
il hardening steel OoOLsS 7 


Steel Co O00 i 


ium steel HS 


These factors cannot ordinarily be used to 
predict distortion with any degree of accuracy 
except in spherical objects. A more precise method 
of studving inherent distortion characteristics ts to 
measure the specific gravity of the steel before and 
after hardening From such measurements, vol 
ume changes in going from the annealed to the 
hardened state can be calculated Typical data 
are shown in Table I, page S54 

Although these data are more exact than the 
“factors”, they still do not provide information 
which will be of practical aid in predicting distor 
tion of tools in heat treatment, except under cet 
tain specific conditions 

Before atlempting to explain how to predict 
the distortion which may be expected to oecur in a 
viven tool, it may be well to review five funda 


mental facts concerning toolsteel 


1. Steels expand when heated and contract when 
cooled llowever, when passing through their trans 
formation ranges, the reverse is true 

2. Cold steel is strong; hot steel is weak It is 
therefore obvious that during liquid quenching opera 
trons, where great temperature differentials occur, the 
cold steel will stay put while the hot steel will 
deform in resport 
ture differential The resulling deformation is often 

illed warpag madi ometimes called hot upsetting 


se to stresses set up by the tempera 





By J. Y. Riedel 
loolsteel Engineer 


Bethlehem Steel Co.. Bethlehem. Pa 
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3. Martensite occupies a greater volume than the 
soft steel from which it came. In other words, the 
hardening of toolsteel normally produces expansion. 

4‘. Austenite occupies a smaller volume at room 
temperature than the annealed steel from which it 
came. Thus, the more gmstenite retained after quench 
ing, the less will be the expansion due to 
formation. 


martensite 


5. Some types of toolsteel are shallow hardening; 
that is, they harden fully only in the outer layers; the 
inner portions do not transform to martensite during 
hardening and thus are unhardened. The term shal 
low hardening is relative, as the size of the section 
involved determines whether a given steel will harden 
through or not 


In order to understand how the above facts 
may be of value in predicting distortion, it is nec 
essary to appreciate the fact that distortion is the 
sum total of the effects of warpage plus the effects 
of inherent distortion If these two effects are 
additive, a large amount of distortion will be 
noted; if they oppose each other, the amount of 
distortion may be negligible. The relative effects 
of warpage versus inherent distortion may best be 
considered by dividing the toolsteel grades into 
groups, classified by the type of quenching medium 
needed for hardening 


Types of Quenching 


Water Quenching The data in Table I indi 
eate that water hardening carbon toolsteel expands 
considerably during hardening, as a_ result of 
inherent distortion, if the section is small enough 
so that through hardening occurs \ volume 
change of OY corresponds to 0.003 in. per in 
length change When the section is large enough 
to be shallow hardening, the expansion is consid- 
erably less, and is in the range of values shown for 
oil hardening steels Since most applications ol 
carbon toolsteel involve sizes which do not harden 
through, it may logically be asked why tools made 
of this steel distort so much more than other steels 


The answer to this question is that inherent dis 


Table I 


tortion plays only a minor part in the distortion ot 
water hardening carbon toolsteel; the major part 
is played by warpage (hot upsetting, or the action 
of cold steel upon hot steel) Warpage is large 
because of the large temperature gradients in tools 
during water quenching. The warpage factor is, 
to a large degree, controlled by the size and shape 
of the tool, since the geometry of the tool deter- 
mines which portions will cool first in a quench 
and which will cool last 

It is a recognized fact that steels such as cat 
bon toolsteel, which require water quenching for 
hardening, are notoriously treacherous with respect 
to distortion. If a number of identical tools are 
made up from carbon toolsteel and are heat treated 
exactly alike, it will be found that, after hardening, 
each tool is of different size and shape. This is 
due to the nonuniformity of cooling in the quench 
because of vapor pockets which form on the sur 
face of the tool during quenching. Thus there is 
a variation in the warpage factor on each tool 

Unfortunately no method exists for evaluating 
We are, 


predict the distortion of water hardening carbon 


the warpage factor therefore, unable to 
toolsteel except in a general way on the basis of 
previous experience with tools of similar size, mass 
and shape 

As an example of the unpredictability of dis 
tortion of water hardening carbon toolsteel, con 
sider the die shown in Fig. 1.* Ifa die of this type 
s made up from carbon toolsteel, it will be found 
that the dimensional changes resulting from hard- 
ening are less than 0.001 in. per in. except on the 
thickness, which is better than the results which 
obtained from most air 


can be hardening tool 


steels. The explanation of this result must be that 
the distorting tendency resulting from warpage 
counterbalances the inherent distortion, and the 
volume change resulting from hardening appears 
entirely as an increase in the thickness 
*Development of this shape as a test piece for 
distortion is due to A. W. Barndt of Heintz Mfg. Co 


Volume Changes in Hardening Toolsteel 





(AKADE OF 
STEEI 


SIZE Of 
SPRECIMEN 


Carbon toolsteel » dia. x T's in 
Carbon toolsteel ~ dia, x3 
in. wafer cut from cen 
Carbon toolsteel ter of L's dia. x 3-in 
piece after hardening 
Mn oil hardening sq. x lin 
Si-Mn shock resisting sq. xl 
Air hardening (5° Cr) ly sq. xl 
High-C, high-Cr sq. xl 





SPECIFIE 
(sRAVITY 


ANNEALED HARDENED 


SPECIFIC VoLuMt 


HARDENING 
(GRAVITY, CHANGE IN 
TREATMENT 
HARDENING 


7.RO5 1450” F.; brine 
7.835 1450° F.; brine 


1450° F.; brine 


~isisis 
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Because of the small 
temperature gradients which exist in most tools 
during cooling in still air, the warpage factor is 
practically negligible in air hardening. steels. 
Under these conditions distortion may be quite 


Air Hardening Steels 


accurately predicted using only the inherent dis- 
tortion factors. However, tools which have con- 
siderable variation in section, or those cooled in 
an air blastgevill not cool uniformly, and thus the 
warpage introduced will affect the distortion 

Oil Hardening Steels — Oil quenched tools have 
temperature gradients larger than those present tn 
air quenched tools but not nearly so large as those 
present in water quenched tools. Oil quenching 
does not produce vapor pockets, as water quench 
ing does, and therefore the size changes which 
occur in oil quenched steels are reasonably con- 
sistent on duplicate tools. Generally, the warpage 
effects in oil quenched tools are considerably less 
than the effects of inherent distortion if the section 
involved hardens completely through, Therefore, 
inherent distortion factors can be used as an 
approximation of expected distortion of oil 
quenched steels, although the accuracy of such 
predictions will not be so good as on air quenched 
tools. If the tools do not harden through, the use 
of inherent distortion factors will be extremely 
misleading, and distortion cannot be predicted 
except on the basis of previous experience 

Oil Hardening Steels Quenched in Salt 
Quenching of tools in molten salt (martempering 
involves smaller temperature gradients than oil 
quenching, and thus serves practically to eliminate 
the warpage factor in steels normally hardened by 
oil quenching rherefore, the distortion of salt 
quenched tools can be quite accurately predicted 
by use of inherent distortion factors 

The application of the five fundamental facts 
will now be considered with regard to tools of 
different shapes 


Effect of Shape 


Cylinders In hardening cylindrical objects of 
sizes where the diameter and length are both small, 
it is invariably found that both the length and 
diameter expand as a result of the hardening 
operation, simply because of comparatively uni 
form martensite formation 

In a shallow hardening steel, if a cylindrical 
part of length considerably greater than the 
diameter is hardened by vertical quenching (as it 
always should be), it is practically always found 
that the diameter increases, but the length con 
tracts. The reason for this will be apparent if the 
hardening operation is visualized as follows 


1 As the first portion of the cylinder is hardened 


the end face and the circumference tend to expand, 

2. As additional sections of the circumference 
harden, the outer cylindrical surface expands and tries 
to take the hot interior with it 

3. In order that the hot interior can expand with 
the outer surface, hot center metal is “sucked in” 
longitudinally from the as yet unhardened steel, 
thereby contracting the length considerably before the 
upper face end can be hardened. 


In view of the actions described in the pre- 
ceding two paragraphs, it should be apparent that 
there is a certain size of cylinder, for a given steel 
and set of quenching conditions, which will not 
change length at all in the hardening operation 
When the above conditions are determined, it is 
universally true that an increase in the length of 
this cylinder will result in contraction of the 
length in hardening; conversely a decrease in the 
length will result in expansion of the length in 
hardening. However, when working with a deep 
hardening steel, expansion in all directions will 
usually occur, to a degree indicated by inherent 
distortion factors. 





Fig. 1 Die l sed as a Test Piece for 
Distortion. Develope dby A.W. Barndt 


Long Rectangular Shapes As an actual exam 
ple of how shallow versus deep hardening will 
affect long tools, consider the hardening of two 
shear blades about 1 x 4 x 120.000 in. and 242 x 6x 
120.000 in. made of a silicon-manganese shock 
After hardening to Rockwell C-58, 
it will be found that the 1x 4-in. blade will be 


about 120.250 in. long while the 2 


resisting steel 


» x 6-in. blade 


will be 119.875 in. long. The thin blade hardens 
through, and thus expands in all directions because 
The thick blade does not 


harden through and contracts in length by the 


of martensite formation 


mechanism just described for long cylinders 

Short Rectangular Shapes Generally, short 
rectangular solid dies will expand in all directions 
as a result of the hardening operation if the section 
hardens completely through. On air hardening 
steels, the amount of expansion can be accurately 
predicted using the inherent distortion factors 
For oil hardening steels, the amount of expansion 
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Table Il 


Distortion of Manganese Oil Hardening Steel Die 


results in contraction of the 





DBerone APTER 
PREATMENT 
(ANNEALED) TREATMENT * 

Small Die 
5.7720 in. 0032 in 
1.7542 od 
1.3796 0036 


Length 7688 in. 

Width 7501 

Phickness 3760 
Large Die 

Length 5010 11.4890 120 

Width 5.5004 5.5147 0143 

rhickness 2.2506 2.2574 + 0.0068 





HARDENING Sizt 


bore diameter. Another way 


to visualize this action is to 
CHANGE 
realize that the diametrical 


expansion of a bar will occur 
whether the bar is straight or 


+ O.0006 “ ” 
rolled up 


in the shape of a 
+ 0.0023 


0.0026 closed ring 


When a ring dit is quenched 
0.0010 all over, the outside diameter 


will invariably increase, while 


-O.0030 





the inside diameter may move 





#1475" 1 oil quench; 400° F. temper 


can be estimated, if too great accuracy is not 
The example in Table IL will illustrate 


this point; it was selected to show the amount of 


expected 


error which may ordinarily be encountered in 
predicting size changes in oil hardening steels 
The change in volume of the small die is 0.55, 
which corresponds to an average linear change of 
0.00175 in. per in. The position may well be taken 
that the actual change in inches per inch is not 
very close to the linear factor However, with each 
dimension expanding 0.008 to 0.004 in., the “elean 
ing up” of this die is a simple matter. The varia- 
tion in these results from those predicted by use 
of inherent distortion factors is a measure of the 
degree to which warpage has influenced the dis 
tortion of the dic 

As an example of the errors which can result 
from misuse of inherent distortion factors, con 
sider the second set of data in Table Il, showing 
the distortion of a die about twice the size of the 
first ome The 


O46 lowe 


increase in volume of this die ts 
than normally expected for this 
grade, and indicates that the die did not harden 
completely thus 


through, accounting for the 


decrease in length It is obvious that inherent 
distortion factors cannot help in predicting distor 
tion of a die of this type 

Ring Dies As a further example of the use of 
the basic principles outlined, consider the harden 
ing « iring die. It is common knowledge that a 
heat treater “shrinks the bore” of ring dies in heat 
treatment by quenching through the bore rhis 
may seem inconsistent with previous statements, 
Wherein it is pointed out that the formation of 
martensite by quenching always causes expansion 
Further consideration will show that this is not 
inconsistent, sinee the over-all contraction is actu 
illv caused by the expansion due to martensite 
formation. Uf the hardening of each segment of a 
ring is visualized, it can be seen that the ring will 


expand at the bore 


surface However, the net 


effect of expansion at the bore surface actually 


slightly in either direction, de 

pending on the relative dimen- 
sions of the dic If a ring is thin in comparison 
to wall thickness, the hardening of the faces will 
control the net distortion due to their relatively 
greater area presented to the quench. This type 
of ring will increase in thickness and will usually 
decrease in outside diameter and increase in inside 
diametet If the hole in a die is so small that 
effective quenching through the hole cannot occur, 
or if the hole is packed to prevent quenching in 
the bore, the hole will enlarge due to the fact that 
with the rest of the die in its 


expansion due to martensite formation 


it “goes along” 

Ring dies made of air hardening steels will 
enlarge in both outside and inside diameters in 
amounts calculated from inherent distortion fae- 
tors However, if tt is desired to have the bore 


blast 


close in, this can be accomplished by air 
quenching through the bore 

There is another application of the basic prin 
ciples which is in common use for shrinking the 
bore of ring dies. The bore of a ring die can be 
“closed in” about 0.002 to 0.003 in. per in. of 


bore diameter by this method, which involves 


hig. 2 Sectional | iew of {pparatus for 
Shrinking the Bore of a Ring Dis The 


central holt Cisse mbly must be water-tight 


33 a Woter Level! 
>> 


Chanel 


oe 


oft Stee 
Washers 


Loose-Fitting Stud 
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(a) heating the die uniformly to approximately 
1800° F., (b) quenching the die, on the rim only, 
to 500° F., while avoiding a quench in the bore 
(see Fig. 2 for a sketch of the apparatus used in 
this step), (c) reheating to the proper hardening 
temperature, and (d/) quenching through the bore 
only, while avoiding a quench on the rim. 

The explanation of how this method works is 
that (a) the quench on the rim causes the metal 
in this location to contract, thus “hot upsetting” 
or warping the adjacent hot metal toward the 
bore; (6b) stopping the quench at 500° F. does not 
permit the formation of martensite and thus does 
not set up any opposition to the contraction forces; 
and (c) the subsequent quench through the bore 
further contracts the bore diameter by the inward 
expansion resulting from martensite formation 


Other Factors 


Predictions are further complicated by other 
factors, the most important of which are sealing, 


usually do not prevent scaling, although they 
appear to do so. Actually, scaling occurs but the 
scale is dissolved by the salt so that it is not visi- 
ble. However, the short holding time in salt baths 
helps to reduce the loss due to scale. 

Variation in Quenching Variation of quench- 
ing temperature, either above or below the recom- 
mended range, will usually have a pronounced 
effect on distortion. In general, high temperatures 
tend to promote retention of austenite, which may 
decrease the expected expansion or increase 
shrinkage; lower temperatures promote more com- 
plete martensite formation with accompanying 
increase in expansion. Other factors in the 
quench, such as temperature and viscosity of 
quench and degree of agitation, will also affect 
distortion insofar as they affect the completeness 
of the austenite-martensite transformation 

Tempering -- Fundamentally, the tempering 
operation causes decomposition of martensite and, 
in the hardened toolsteel, would be expected to 
counteract some of the expansion resulting from 


variation in quenching, and tempering martensite formation. This effect is actually noted 


Table Ill — Volume Changes in Tempering Toolsteel at 400° F. 





SPECIFIC 
CAMAVITY, 


SPECIFIC Vouums 


SPECIFIC 


CARAVITY, 
STEE!I HARDENED 
ANNEALED 
(See Table 1) 


VoLumMe 
CHANGEIN 


GRADE O1 GRAVITY, 
HARDENED AND 


PeMPERED 


CHANGE IN 


HARDENING AND 
HARDENING 
TREMPERRING 


Carbon toolsteel 

(% dia. x 1'« in.) 
Mn oil hardening 
Si-Mn shock resisting 
Air hardening (5 Cr) 





B05 
318 
730 

sou 








Scaling In most commercial heat treating 
equipment, it is found that steels will scale during 
heating for the quench The loss of metal due 
to scaling cannot be ignored since the loss is in 
the same order of magnitude as the size changes 
resulting from heat treatment. In some instances 
the scaling is an advantage from the distortion 
viewpoint since it tends to counterbalance expan 
sion which occurs in hardening Of course it will 
likewise increase the magnitude of shrinkage 
As a matter of fact, the great 


reputation of the manganese oil hardening type of 


which might occur 
toolsteel as a “nondeforming” steel is to some 
degree based on the fact that sealing, which oecurs 
in heating for hardening, almost counteracts the 
expansion which most often oceurs during harden- 
ing of this grade Therefore, in new furnaces 
which prevent sealing, toolsteels may appear to 
expand more than when treated in older equip 
ment. Also, it should be recognized that salt baths 


Table 
Ill shows the amount of volume change produced 
by a 400° 1 


Due to the fact that it is unsafe to measure 


in most toolsteels to an appreciable extent 
temper on some typical steels 


tools, particularly liquid quenched tools, in’ the 
as-quenched condition, the distortion is’ usually 
measured only after tempering The inherent 
distortion factors usually have been corrected for 
the size changes produced by tempering, and thus 
can be used directly in predicting size changes 
from the annealed state to the temperea state 

The use of progressively higher tempering 
temperatures will eventually eliminate the = size 
changes resulting from inherent distortion but at 
that point the tool will have lost all the hardness 
produced by quenching and the structure will con 
sist of ferrite and carbide, as in the annealed con 
dition. Thus, this method is of no practical value 
In discussing change of size of tools resulting 


from hardening, it is common practice to measure 


December, 1950: Page 857 





a given dimension at a certain location. However, 
if a given dimension is measured at a number of 
locations, variations of appreciable magnitude will 
be found. For example, holes in dies may become 
* in shape, or may “belly” in the inte- 
rior. Thus the recorded diameter of the hole will 
depend on where the hole is measured. For the 
utmost in precision it is necessary to measure all 


“hour-glass’ 


basic dimensions in a number of locations. Meas- 
urement of a few dimensions may not give a true 
picture of distortion 


Rehardening of Tools 


Tools are often rehardened by first annealing 
the hardened tool, followed by requenching and 
retempering. Distortion in the original hardening 
operation which resulted from inherent distortion 
will be removed by the anneal, but the distortion 
resulting from warpage will not be removed and 
will reoccur a second time in the second hardening 
operation, Thus, a tool which shrank 0.010 in. on 
one dimension as a result of the warpage factor 
associated with its size and shape will shrink the 
same amount on the second treatment, making 


a total shrinkage in two treatments of 0.020 in 


Minimizing Distortion 


At this point in our discussion, it should be 
obvious that there is no toolsteel which can be 
hardened without distortion, despite the amounts 
of so-called “nondeforming” and “nondistorting” 
steels which have been sold and used Since a 
volume change always accompanies the hardening 
operation, it is fundamental that there must be 
dimensional changes. Occasionally certain tools 
will be heat treated with negligible distortion and 
the assumption will be made that the particular 
grade of steel used is free from distortion How- 
ever, if a tool of different size and shape is made 
up, the size stability seems no longer to exist 

\ commonly used distortion test piece is a 
eviindrical specimen of small diameter and length 
As previously mentioned, it is possible to deter- 
mine the dimensions of a cylindrical specimen 
Which will not change length at all during heat 
treatment. Thus, evlindrical specimens, depend 
ing upon the dimensions chosen, may give a vers 
optimistic viewpoint concerning the freedom from 
distortion of a given steel. If this information is 
used in connection with pieces of dimensions simi- 
lar to those of the test piece, it will be very helpful 
in predicting and controlling distortion; if the 
information is applied to pieces of different size 
and shape than the test piece, it will be misleading 


Although there are no nondistorting steels in 


the quantitative sense of the word, it is possible 
with one grade of toolsteel, high-carbon high- 
chromium, to obtain zero distortion on at least one 
dimension of a tool by proper control of the heat 
treatment operation. The method of control 
involves balancing shrinkage produced by austenite 
formation against expansion produced by martens- 
ite formation and is performed as follows: 

1. Heat the steel to 1850° F.; hold 1 to 3 hr. for 
carbide solution 

2. Air cool (quench) to 150° F. or less. Normally, 
tools are tempered immediately upon reaching 150° F., 
but on most tools made of this type of steel, it is safe 
to cool to room temperature. 

3. Measurement of the tools will show that exter- 
nal dimensions have contracted approximately 0.0005 
in. per in. as a result of austenite retained in the 
quench (air cool). 

4. Temper at 920° F. and air cool In some 
instances the tempering will cause some of the aus- 
tenite to transform to martensite, and the expansion 
resulting from the formation of martensite will neu- 
tralize the original shrinkage produced in the quench 

5. If the 920° F. temper does not completely neu- 
tralize the shrinkage, the tools are retempered at 
930° F. to produce the desired expansion, or succes- 
sively at 940 or 950° F., or even higher, if required. 
If the tempering increment is properly chosen, it is 
possible to bring at least one dimension, and usually 
more, back to exactly zero size change 


It is not possible to specify a more definite 
tempering procedure because the tempering tem- 
perature required to produce the desired amount 
of martensitic expansion depends on the exact 
austenitizing conditions used in heating for the 
quench. The temperature attained by the tools 
not by the thermocouple) and the time the tools 
are at temperature (not the time the thermocouple 
is at temperature) directly control the amount of 
austenite retained in the quench. The temperature 
and the time will depend on the amount of steel 
charged in the furnace, the thermal “head” or 
heating capacity of the furnace, the atmosphere 
in the furnace, and other variables, so that the 
exact austenitizing procedure to be used in this 
method must be developed with the equipment to 
be used in production heat treating \ heat 
treater who is familiar with his equipment and 
this type of steel will rarely require more than two 
tempering operations to accomplish the desired 
end. This method of controlling size change has 
been in practical use for about ten years 

Following are some additional notes of inter- 


est in connection with this method 


1. If shrinkage is not produced in the quench, 
it usually will be impossible to correct the size changes 
by tempering 

At the point of zero size change, peak hardness 
oximately Rockwell C-60 is obtained 


empering temperatures should not be 
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used on the first temper. If conditions were such that 
920 or 930° F. would have sufficed, the higher temper 
will produce expansion beyond that desired so that 
the piece is permanently expanded. The high temper 
will also cause loss of peak hardness. 

4. If an excessively high quenching temperature 
or an unusually long hold at temperature is employed, 
an unusually large amount of austenite will be retained 
in the quench. This may require the use of unusually 
high tempering temperatures (as high as 1050° F.) in 
order to obtain the desired expansion. 

5. For maximum toughness and resistance t 
grinding checks, it is advisable to double temper. the 
second temper being at 900° F., or 25° lower than the 
temperature used for martensite transformation 


There is one other characteristic of high- 
earbon high-chromium steel regarding distortion 
which must be mentioned As pointed out by 
Howard Scott and T. H Gray A.S.M. Transactions, 
Vol. 29, 1941, p. 503), the distortion of this type 
of steel in the longitudinal direction is about twice 
as great as in the transverse direction. It is for 
this reason that dies, where exact thickness is 
unimportant, are cut from the bar stock so that the 
thickness is in the longitudinal direction if this is 
consistent with the direction selected on the basis 
While the size 
change in hardening with respect to the longi- 


of intended working stresses 


tudinal direction can be controlled by the aus- 
tenite-martensite balance method, for precision 
work it is necessary to recognize the difference in 
movement of this steel in longitudinal and trans- 
verse directions. Generally, an austenitizing tem 
perature higher than 1850° F. is required, in order 
to obtain the initial shrinkage in the longitudinal 
direction. This shrinkage can be neutralized in 
exactly the same manner as outlined previously 
However, when zero size change is obtained in the 
longitudinal direction, the transverse dimensions 


will usually show some expansion, 


Summary 


The practical control of distortion of toolsteel 
in hardening can be carried out as follows 

Tools on which little or no metal is to be 
removed by grinding after hardening —— Tools in 
this class require the use of a good controlled 
atmosphere furnace to avoid sealing and soft skin 
decarburization) which must be removed 

1. Use high-carbon high-chromium toolsteel 
and heat treat for zero size change on the critical 
dimensions by the austenite-martensite balance 
method described in the text. A small amount of 
grinding may be required on the less critical 
dimensions, if it is desired to bring all dimensions 
back to zero size change 

2. Use an air hardening toolsteel, such as the 


Cr type, allowing for the expected expansion 
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which will occur in the hardening operation. The 
usual allowance for this type of steel is 0.001 in. 
per in., but a more accurate allowance is 0.0007 
in. per in 

3. The required accuracy cannot ordinarily 
be obtained with oil or water quenching steels, 
except on the basis of previous experience with 
tools of the same size and shape. 


Tools on which an allowance for grinding must 
be made in order to remove surface scale and soft 
skin Tools which are heat treated in furnaces not 
equipped with atmosphere control will develop a 


certain amount of scale and decarburization which 
must be removed by grinding to produce satisfac- 
tory working surfaces. While this grinding opera- 
tion is being carried out, it is a simple matter to 
do a small additional amount of grinding to pro 
duce the desired dimensions 

1. When using air hardening steels, the first 
two methods outlined immediately above will pro 
vide more precision than is actually needed for 
proper control 

2. When using oil hardening steels, in see 
tions which will harden through, the proper 
allowances can be made on the basis of inherent 
distortion factors. The allowance for manganese 
oil hardening steel is 0.0015 in. per in., and about 
0.002 in. per in. for other oil hardening steels 

3. When using water hardening steels, or oil 
hardening steels in sections which do not harden 
through, proper allowances for distortion in hard 
ening can be made only on the basis of previous 


experience with tools of the same size and shape. @ 


Fig. 3 Long and Spindly Parts Should Be Hung Ver- 
tically. Photo Courtesy Cincinnati Milling Machine Co 
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Points 


By The Editor 





Railway Cars in Production 


YTEELMAKERS are fond of calling theirs a “feast 
> or a famine industry’, as well they might in 
view of operations ranging from 98% of capacity 
in 1943 to 20% of capacity in 1932. However, they 
must give the freight car builders title to the slo 
gan. Thirty cars were ordered in the month of 
April 1949; 30,000 in July of 1950! Today the 
railroads are clamoring for cars in such number 
as to require capacity operations for a year. The 
difficulty of getting necessary materials promptly 
from suppliers already booked to capacity with 
orders from steady customers is eased by an allo 
cation order from the National Production Author 
ity. It would seem to an outsider unfamiliar with 
the railroad industry's inhibitions, that the Amert- 
can railroads, with half their 1,750,000 freight cars 
already obsolete (that is, over 20 vears old) could 
set up an orderly replacement program that would 
insure Steady shop operations at minimum eco 
nomical production rates, at least. It would save 
them a considerable amount per car in extra costs 
of recruiting and training workmen for short 
campaigns 

That, at least, was apparent to the Editor 
during a day-long inspection of Pullman-Standard 
Car Mfg. Covs plant at Michigan City. Here freight 
cars were first made in 1880 by Haskell & Barker 
largely aside from wheels and couplers) of 
wrought tron and timber. Wooden box cars pet 
sisted until the World War L era; 


straight-line production established over o0 vears 


methods of 


ago still exist in fact, are so common that the 
capacity of the various plants is measured in their 
“tracks” 

If a car moves from station to station every 
20 min. the capacity of the track is 24 cars per 
S-hr. day, or about 6000 cars per year The entire 
industry, including the railways’ own car shops, 


has 22 lines and thus can make about 130,000 


freight cars a year in single-shift operation.) Of 
course a track can be twice as long and the cars 
under construction move up every 10 min., but this 
does not affect the daily output, since only half as 
much work is done at each station. Apparently, 
tradition and the union rules prevent a speed-up 
to, say, 9-min. intervals 

Work at each station is done by men working 
in pairs —-or by two or four pairs. This is due to 
the nature of the tasks, such as work at each end 
of a long beam, or a riveting or a bolting team 
one man inside, his partner outside the car 
Likewise the individual units and small subassem- 
blies are usually too heavy for one man to handle 
Work at each station is therefore done by special- 
ists and their movements are beautifully coordi- 
nated. However, the result of such specialization 
into unit jobs in unit time is that a line must 
operate at a certain rate or not at all. 

The minimum production rate would be fixed 
by the ability of the individual crews to take on 
the allied jobs immediately before and after their 
normal stations, and the storage facilities for the 
product of such heavy equipment as flanging 
presses Which would then operate perhaps one 
week a month 

There are other factors that militate against 
the perfection of mass production methods insti 
tuted o0 or 60 vears ago Aside from the spor uli 
placement of orders is the variability in the cars 
that are ordered Anvone can think of box cars, 
vondolas, hopper bottoms, flat cars, refrigerator 
ears and tank cars Phat only is the start of tt 
Even today, each railroad seems to have its own 
ideas of how many gadgets a box car should 
carry; furthermore the railroad equipment indus 
try is a happy hunting ground for vigorously 
promoted specialties There are trucks and bol 
sters, there are car ends and doors, roots and 
sides each patented, each manufactured by its 
promoter, all in such variation that the car buildet 


became primarily an assembler At Michigan Citys 
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Pullman is endeavoring to improve this situation 
by manufacturing a standardized box car, the 
result of sound design, welded construction and 
optimum use of materials. Its excellence has been 
proven by full-scale tests of the most shattering 
type as well as by years of experience in service 
Acceptance of some such standardized design by 
the railroads (and by equipment trusts which own 
rolling stock and lease it to the roads) seems fun- 
damental to any real improvement in production 
rates in the building of freight cars 


Today’s Magnesium 


CCEPTING an invitation from an old @ friend, 
L Arthur Winston, currently president of the 
Magnesium Association, to give a luncheon talk on 
“Metals of Tomorrow”, the Editor found the mem 
bers much more interested in knowing what Uncle 
Sam intends to do with the magnesium that can be 
made in 1951, yet those same men baffled by the 
uninformative replies to pertinent questions given 
by representatives of the National Production 
Authority, Ordnance, and the U.S. Air Forces. It 
is known, for example, that about two thirds of 
the 25,000 tons of ingot metal which Dow Chem- 
ical Co. 
States 

articles for civilian consumption, and one third 
Orders for the latter 
are increasing at such a rate as to suggest that all 


the only private producer in the United 
can produce annually is now going into 


of it into military orders 


of Dow’s product will be used for aircraft engine 
parts and ordnance items in 1951 not a bright 
outlook for a young industry which in four years 
has made a substantial beginning in establishing 
civilian uses against strong competition and which 
believes that civilian consumption is the only pet 
manent basis for growth. It is known that the 
wraps are now being taken off several of Uncle 
Sam's ingot plants shut down since the war and 
metal will start trickling out of them by spring 
When all these are operating, some 100,000) more 
tons of ingot will be made annually (four times 
Dow's production) but here's the rub this metal 
is apparently allocated to the “strategic” stockpile 
Why magne 


sium should be classed as a “strategic” metal (like 


rather than to aircraft production 
tin and manganese) is beyond comprehension 
when there is unlimited raw material within out 
borders and ingot capacity in operating or in 
stand-by condition capable of producing at halt 
the peak achieved during World War II 
Currently, the industry has voluntarily arranged 
to divide the available ingot between military and 
About 


one third of this magnesium is being put into 


civilian orders in the ratio of one to two 


wrought products, another third into castings, and 
the remainder used for alloying and chemical 
reagents. Increase in rolling capacity for plate 
and sheet cannot be expected before Dow's new 
mill is ready in 1952. Foundry capacity can be 
expanded somewhat more rapidly, what with the 
skills acquired during the last war, but no one 
seemed to know how much tonnage in castings 
would be needed next year, let alone what pro- 
portion would be relatively simple pieces and what 
proportion would be highly complicated jet engine 


casings. Snafu’ 


Metals of Tomorrow 


s ror “Metals of Tomorrow”, the Editor made 
A the conservative guess that they would be 
based on our common metals of today, at least as 
far as structures and machines are concerned. The 
common metals like iron, aluminum and magne- 
sium (and possibly titanium, the newcomer) will 
continually grow in relative consumption “as com- 
pared with the scarcer metals like copper, zine, 
lead and mercury Alloying metals, by the same 
token, will become more important; the ones now 
well known will be joined by others now little 
more than chemical curiosities. Especially impor- 
tant will be the refractory metals and their com- 
Number 


and variety of alloys with special properties com 


pounds for uses at high temperature 


peting for specific uses will increase almost with 
out limit and their success survival, even will 
depend on economics and their engineering prop 
erties Overtopping all this, of course, ts the 
emergence of the heaviest metals, thorium, ura 
nium and plutonium, in the field of power both 
industrial and political It will be a great 


life, you metallurgists of tomorrow 


The Case of Prof. Dr. Guertler 


voo Krause, editor of the German journal 
H Vetalloberflache, writes that Prof. Wilhelm 


M. Guertler (remembered as the first of the @ 
Campbell Memorial Lecturers) “is living in the 
Soviet zone of Berlin under truly heart-rending 
conditions. He, with two children who still go to 
school, is compelled to live on a ‘social security 
pension of 170 Ostmark per month, which is 
slightly more than 85.00. 

Dr. Guertler’s address is Falkenried 27-20 
Berlin-Dahlem, Germany CARE (20 Broad St 
New York City) is able to guarantee delivery of 
wit prac kages to all of Berlin including the 


Russian sector 
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In Metal Progress for August, Messrs. Maltz and DePierre dealt with 


the forging of commercial titanium containing 0.78% carbon. 


Vetal- 


lography and heat treatment of the same material are discussed here. 





Heat Treatment and Structure 


of Commercial Titanium 





METALLOGRAPHIC TECHNIQUES for titanium 
® have recently been described by Finlay, 
Resketo and Vordahl (/ndustrial and Engineering 
Chemistry, February 1950) The authors will 
merely add some of their own observations. 

There are three principal difficulties in the 
metallographic polishing of titanium 

1. Formation of mechanical twins during cut- 
ting-off operations. This characteristic of titanium, 
while probably not quite so bothersome in the 
commercial alloy as in high-purity metal, can be 
responsible for a bewildering array of artifacts 

2. Flow of a thin layer of alpha titanium over 
the carbides during grinding on the finer abrasive 


papers. The effeets of this can be confusing. After 


After 4,0 Paper 15 See. First Wheel 


- 


hig. 1 





By Joseph Maltz and Vincent DePierre 
Vetallurgists, U.S. Naval Gun Factory 
Washington, D. C. 


a few seconds on the intermediate polishing lap 
(600-grit silicon carbide on canvas), the carbides 
seem to be overpolished and pulled out; but 
continued polishing brings out their outlines in 
satisfactory fashion Figure 1 illustrates this 
phenomenon 

3. Piling up of disturbed metal around each 
carbide particle, which stands in relief above the 
matrix material. It is caused by excessive pressure 
or excessive time on the polishing laps, and the 
use of soft-napped polishing cloths. The disturbed 


metal can be removed by prolonged polishing with 


1 Min. First Wheel 3 Min. First Wheel 


_, 


Improvement in Carbide Delineation ith Increasing Time on 
First Polishing U heel (000-Grit Silicon Carbide on Canvas 


U netched; 500 > 
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very light pressure on the final wheel, but the 
relief effect is eliminated only by returning the 
specimen to the abrasive papers. 

Etching: 5% aqueous hydrofluoric acid has 
been used to etch titanium. The authors found 
they could more easily control the action of the 
mixture of hydrofluoric 
acid, nitric acid and 
glycerol (“A-etch”) and 
the mixture of hydroflu- 
oric acid and glycerol 
“B-etch”) recommended 
in the paper referred to 
at the outset. Good re- 
sults were also obtained 
with Keller's etch 1‘ 
HF, I's HCl, 2% 
HNO,, balance H,O), 
which is often on hand in 
the laboratory, and with 
a simple modification in 
which the hydrochloric 


acid was omitted 
Fig. 2 


Fig. 3 


bon) After Heating for 1 Hr. and Water Quenching. 


Quenched From 1300° I Quenched From 1600° I 


Heat Treatment 


Specimens for heat treatment were obtained by 
cropping a piece from the large billet described in 
our article in the August issue of Metal Progress 
and separately forging down to a ..-in. square rod 
Pieces about in. long were cut off this rod and 
heat treated in an ordinary laboratory furnace 
No effort was made to exclude gases except to pack 
the pieces in cast-iron chips. The furnace atmos- 
phere was maintained slightly oxidizing. Specimens 
were heated to 1300, 1500, 1600, 1650, 1700, 1800, 


1900, and 2100° I the last in a salt bath furnace 


87-Lb. Ingot, As Cast 


Quenched From 2100° I 


held at temperature for 1 hr., and quenched in cold 
water. Another series of specimens was cooled in 
air after similar heating cycles. 

To determine the effect of time at temperature, 
specimens were treated at 1600°F. for 7, 29, and 
75 hr., then water quenched 


Forged to 1‘ In. Forged, Hot Rolled to % In. 


a“e * * 


. 
ve ee 


Carbide Distribution in Commercial Titanium (0.78%, Car- 


4 Structures 
t netched; 900 


> The microstructures 
- of the ingot, forged slab 
and hot rolled plate are 
shown in Fig. 2. All show 
a matrix of alpha tita- 
nium In the ingot the 
carbides are arranged in 
groupings resembling 
strings of beads The 
forged material has a 
random distribution of 
spheroidal carbides 
Some directionality is evi- 
dent in the particles in 
the rolled metal 
None of the heat 
treatments had much ef- 
fect on the amount of free carbide. It is evident that 
the solubility of carbon in titanium is very much 
less than 0.78 over a wide range of temperature 
or else that titanium carbide dissolves extremely 
slowly Figure 3, for example, shows the distri 
bution of carbide after quenching from 1300, 1600, 
and 2100°F. The only change is in the growth 
of carbide particles, which is first noticeable at 
900° F. and becomes pronounced at 2100° F 
rhe beginnings of the alpha-to-beta transfor- 
mation in the matrix material are observable in 
the specimen quenched from 1500° F.; small tri- 


angular patches of material exhibiting a marten 
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1300° F. 1500° F 


1700° F. 


sitie pattern can be seen. These increase in number 
with temperature (Fig. 4), until they have com 
pletely replaced the untransformed alpha titanium 
in the specimen quenched from 1800°F. In the 
specimen quenched from 1300° F., only alpha tita 
nium and carbide can be seen 

The analogy with martensite formation in steel 
is obvious Unfortunately for the metallurgical 
engineer, the structural analogy does not extend to 
mechanical properties. Several tests were made 
and all indicated litthe promise of marked improve 
ment of properties through quenching of material 
of this composition 

Microhardness Tests Microhardness detet 
minations with a Bergsman tester and a 25-g. load 
were made on a specimen quenched from 1700° I 
The transformed material had a Vickers hardness 
of 204, and untransformed alpha titanium, in- the 
same specimen, gave a readipeg of 326 

Diffraction Patterns An annealed and a 
water quenched specimen were examined with a 
Seeman-Bohlin camera. Cobalt radiation at 300 ky 
was used. Both specimens gave patterns charac 
teristic of alpha titanium. The only difference was 
a Slight broadening of the lines in the pattern 
obtained from the quenched specimen, apparently 
as a result of quenching stresses There was no 
evidence of either retained beta titanium or of an 


intermediate transition phase This diffraction 


1600° F. 


Fig. 4 
mercial Titanium (0.789% Car- 
bon) After Heating for 1 Hr. at 
Temperatures Shown and W ater 
Keller's etch; 500 


Transformation in Com- 


Quenching. 


work was done by F. W. von 
Batchelder of the Naval Re- 
search Laboratory 
Microstructure The mi- 
crostructure of a quenched 
specimen at 2000 diameters is 
shown in Fig. 5. The struc- 
ture seems much less acicular 
than when viewed at lower 
magnification 
Tempering An effort was 
made to determine whether 
the properties of the quenched 
material could be changed by 
reheating so as to produce 
tempering or aging effects 
To make the’ tempering 
tests, a l'e x 2's-in. block of 
the °%,-in. thick rolled plate 
was heated for 1's hr. at 1800 


1800° F. 


F. and quenched in cold water 
It was then split along the central plane and a 


number of small specimens were machined out 
That face of each specimen which was on the 
central plane (,, in. from either surface of the 
original plate) was used for the tests. Hardness 
readings were taken on all specimens 

One specimen was examined in the as-quenched 
condition The others were heated for ‘+ hr. at 


300, 425, 550, 675, 800, 925, 1050, and 1175° F. and 


Fig. 5 Commercial Titanium (0.78% 
Carbon) Heated for 1 Hr. at 2100° F. and 


Heater Quenched., Keller's etch: 2000 > 
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As Quenched 16 Hr. at 925° F 
yy. =; 


=, 3 
> af , 
i z 
f 


; 


16 Hr. at 1050° F 16 Hr. at 1175° F 


Fig. 6 — Effect of Tempering Commercial Titanium (0.78°% Carbon 


ifter Water Quenching From 1800° | 


water quenched. Hardness readings were taken 
Heating was resumed at the same temperatures 
for an additional half hour, then an hour, and so 
on. At the end of the tests, hardness readings were 
available for material tempered over a wide range 
of temperatures and for times from ‘»y to 16 hr 

No change in microstructure was noted after 
treatment at 925° F. or below. After treatment at 
1050° F. for 16 hr 
less pronounced After treatment at 1175° F., it 


. the martensitic pattern became 


virtually disappeared, leaving a normal matrix of 
alpha titanium grains These changes are shown 
in Fig. 6 

No changes occurred in the hardness of the 
specimens (measured as Rockwell G and as 10-kg 


Vickers) after any of the tempering treatments 


Lffect of Holding Time at 1600° F. on As-Quenched Structure 


xtreme right obtained by annealing the 72-hr. specimen at 1800" I 


Remington “A” etch; 500 > 


It seems definite, therefore, that the transtor 
mation of beta titanium to the alpha form is not 
suppressed by quenching 

Effect of Time in Beta Range Figure 7 shows 
the structures of specimens water quenched after 
1, 7, 29 and 75 hr. at 1600° F. Longer holding time 
in the alpha-plus-beta range evidently results in a 
greater degree of transtormation This could be 
due either to inherent slowness of the alpha-to-beta 
transformation, or to the broadening of the alpha 
to-beta temperature range as a result of pick-up 
of atmospheric gas 

To pursue this point, the third specimen of 
Fig. 7 was annealed, then reheated for 1 hr. at 
How” FF. and water quenched The resulting struc 


ture (last micrograph of Fig. 7) showed nearly as 


Annealed & Requenched 


Keller's etch: 500 ¥ 


. then requenching after lL hr. at 1600° I 


Structure at 
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great a degree of transformation as before the 
reheat treatment. Heating for 75 hr. had _ per- 
manently altered the response to heat treatment, 
indicating that the transformation range had been 
broadened by pick-up of gas. The transformation 
range of titanium-carbon alloys therefore cannot 
be accurately determined by heating small speci- 
mens in air, for they soon become titanium-carbon- 
oxygen-nitrogen alloys 


Summary 


The solubility of carbon in either alpha or beta 
titanium is very much less than 0.78° over a wide 
range of temperature 

The addition of carbon to titanium and the 
pick-up of atmospheric oxygen and nitrogen widen 
the temperature range of the alpha-beta transfor- 
mation 

Beta titanium is not retained in appreciable 
quantity when commercial titanium is quenched, 
nor is a hard transition phase formed. The material 
is consequently not hardened by quenching. The 
microstructure of quenched titanium bears some 
resemblance to that of martensite 

The hardness of quenched titanium is not 
greatly affected by tempering No change in 
structure occurs except for a gradual fading of the 
martensitic pattern and emergence of a pattern of 
resolvable alpha titanium grains ] 


1939 and 1947 in occupied Poland, the Ukraine, 
in and near Moscow, and finally back in present- 
day Poland 

Here is what I have to say, point by point 

1. The full reasons for the simultaneous 
“disappearance” of the four journals Metallurg, 
Stal, Teoria | Praktika Metallurgii, and Uralskaya 
Metallurgia were never explained, although this 
move was not inconsistent with the general cen- 
tralistic tendencies of the Russian administration 
Suspension of publication was not unexpected, 
because subscribers had been notified in advance 
There were also items in the technical press 
informing potential readers that a new Stal was 
to appear in Moscow, starting in January 1941, 
as the official monthly publication of the People’s 
Commissariat of Ferrous Metallurgy (abbreviated 
“Narkomtshermet”) and would replace the four 
journals which appeared hitherto 

I believe that the demise of the four provincial 
journals, published in Leningrad, Kharkov, Dnie- 
propetroy sk and Sverdlovsk, respectively, had been 
accelerated by the scandal which arose around the 
so-called Dobrokhotoyv furnaces, and for which two 
of these journals were considered to share the 
blame. 

The seandal arose in the following way \ 
series of articles on furaace Cesign appeared dut 
ing the years 1937 to 1939 in Stal (Kharkov) and 
in Teoria l Praktika Metallurgii (Dniepropetrovsk 

written by two professors of 


the Dniepropetrovsk Metallurgi 





Correspondence . 


cal Institute, Dobrokhotov and 
Kazantsev. They suggested that 
the orthodox design of open 
hearth furnaces is wrong, and 
that efficiency and output could 
greatly increased if the de 
sign were modified The main 
innovation proposed was to 
build the hearth with a length 
to-width ratio of unity (a square 


hearth) instead of the conven- 





Notes on Russian Metallurgy 


HeATHFIELD, SWANSEA, Great Brerrain 
Several interesting points have been raised by 
Mr. Brutcher in his article on “The lron Curtain 
Vetal Progress, Sep 
tember 1950, page 331) and I feel T ean help Amer 
icans to understand the background of the curious 


in Metallurgical Literature” 


and, at first sight, mysterious changes which the 
Russian technical literature has undergone during 
the past 15 years. My opinions are based pri 


marily upon personal observations made between 


tional rectangular shape with 
I w= 25o0rso. The inventors 
of the new theory supported their deductions with 
many formulas which looked highly scientific and 
therefore convincing 

In view of the miraculous outputs promised, 
this new and “overwhelming” idea was immedi 
ately endorsed on the top level and proclaimed a 
major achievement of Soviet technical thought 
1 do not know whether pilot-plant experiments 
were undertaken, but | do know that the brand 
new Azovstal works in Mariupol was equipped 
with several 450-ton Dobrokhotoy furnaces 


What followed was probably one of the great 
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est fiascoes in the history of metallurgical engineer- 
ing. There was an inherent tendency for the roofs 
In order to 
keep the roof temperature within safe limits the 


in the square furnaces to overheat. 
working temperature had to be lowered. Conse- 
quently, the output was much below that of 
furnaces of comparable hearth area but of con- 
Because of the rapid deteriora- 
tion of the roofs these furnaces had to be shut 


ventional design. 
down frequently a source of continuous trouble 
and enormous expense. By 1940 the Dobrokhotov- 
Kazantsev theory had been officially condemned 
in an ad hoe country-wide discussion which was 
drummed up and published during the winter of 
1940. It was, of course, more difficult to decide 
what to do with these monstrous furnaces than to 
organize the belated condemnation! Fortunately 
or rather, unfortunately, from some points of 
view) the German invasion which followed soon 
after made this uneasy decision unnecessary; the 
Azovstal blast furnaces and steel melting shops 
were blown up in the autumn of 1941 by the 
retreating Russians. 

2. The wire-drawing dies 
inferred by Mr. Brutcher on p. 374 of his article 
would deserve closer attention than is possible to 
Suffice it to say that the only 
sintered carbide material which was supposed 


“miraculous” 


devote to them here 


to be equivalent to the foreigners’ “Widia”, 
“Bohlerit”, or “Ramet” was manufactured in the 
U.S.S.R. under the name “Pobedit”. It was abso 
lutely the worst product of the kind I have ever 
seen, either as a cutting tool tip or as a drawing 
die In one case the speed of a wire-drawing 
machine provided originally with Widia dies had 
to be considerably reduced when the prewar stock 
of original dies had been exhausted and Pobedit 
substituted 

3. The number of papers, articles, and books 
on metallurgical topics published in the U.S.S.R. 
is considerable 
United States 


possibly equal to that in the 
The quality of original work varies 
within wide limits, with a strong inclination 
toward involved mathematical formulations based 
upon meager and unilateral experimental evidence 
Gubkin can be considered an example of this kind 
in the field of plastic working of metals appar- 
ently he is one of the leading authorities in the 
US.S.R. on this subject 

The number of books published on technical 
subjects is very large, and many are quite com 
prehensive and long —- 600 pages being an average. 
There are also numerous translations; for example, 
the well-known book by Camp and Francis on the 
“Making, Shaping, and Treating of Steel” was 
translated into Russian toward the end of the war, 


but is divided into three volumes. Their over-all 


cost is 120 rubles or £22 according to the official 
rate of exchange (#62.50), or about one fifth of the 
monthly salary of a medium-paid scientific worker 
in Russia 

A university professor gets 1000 to 1200 


rubles monthly less income tax and less 10% to 


cover the nonstop internal loans, whereas a shabby 
suit of a quality which would make it unsalable 
in any other country costs about 500 rubles, a pair 


of plain shoes 200, and a pound of solid chocolate 
costs 45 rubles. These figures contain the expla 
nation for the bulky size of Russian technical 
books, since the authors are paid by the number 
of pages they write! There is little sales expense 
because the customers are usually state-owned 
works and offices who subscribe in advance for all 
books on metallurgical, chemical, or any other 
specialty For this reason many of the books 
listed in the official catalogs are often unobtain 


able, even in Russia 
N. H. PoLakowskt 


Vanadium 


Scuenecrapy, N. ¥ 

The paper on production and properties of 
vanadium, by Dr. A. B. Kinzel in the September 
issue of Metal Progress, v 1s particularly interest 
ing to us since we have been doing work along the 
same lines The Electro Metallurgical people 
should be congratulated on doing a difficult job 
expeditiously and in making large amounts of 
vanadium early in the development 

There are two matters in his reference to our 
work, which has now been published in the Octo 
ber issue of the Journal of the Electrochemical 
Society, p. dil 


been given in the oral presentation of our paper 


First, the impression might have 


which was all that was available to Dr. Kinzel at 
the time —- that we prepared vanadium powder by 
calcium reduction of the trioxide and, secondly, 
that our yields were only about 53 This impres 
sion persists in his reporting of our work. Our 
vields massive 


process (calcium reduction of V.O 


metal, and the yield is ordinarily about 75% on the 
100-gram scale. In scaling up this process to sev 
eral pounds, yields of the order of 90° would be 
anticipested. 

We were a little surprised at the low elonga- 
tion figures shown in the data sheet, as our metal 
has frequently shown elongations of several times 
7° Since publication of the article, Dr. Kinzel 
has advised us that he too has often obtained that 
value but preferred to quote the figure more read 
ily achieved. It would seem that the oxygen con- 


tent of the metal tested probably lay in the high 
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end of the range quoted, as the effect of oxygen 
on the ductility of vanadium is quite drastic. In 
our experience, metal with about 0.1 oxygen is 
unworkable at room temperature, although Dr 
Kinzel’s laboratories have produced metal with 
higher oxygen content and workable at room tem- 
perature by virtue of hot work orientation 
ALAN U. SeyBout 
Ropert KEK. McKecunit 
Knolls Atomic Power Laboratory 
General Electric Co. 


Oxygen for Steel Refining 


Pants, FRanct 

It might be 
investigations during the past three years by 
“IRSID” (the French cooperative Institute for Steel 


interesting to recount briefly 


Research) on the use of enriched air in steel 
metallurgy and its prospects of future success 

It is known that German efforts in this direction 
date back to the 1930's, and enriched air has been 
blown to basic converters for as 
much as fifteen years at Maximi 
lienshiitte inp Sulzbach, Bavaria 
Belgian tests started in 1949 at 
Ougréee-Marihave. In France, 
experiments by IRSID and the 
Senelle-Maubeuge Co. started in 
1047 

The principal advantages 
concerning the use of air with 

to 42 


Thomas) converters, other than 


oxygen in) basic 


as an efficient means of correct 
me cold blow, are 

lL. Operations are speeded 
A blow with 40° oxygen is com 
pleted in half the usual time. Generally speaking, 
present plants cannot handle the added capacity 
without extensive remodeling 

2. Much more serap can be remelted. Sines 
each cubie meter of hot nitrogen issuing from the 
converter takes enough heat to melt 14 kg. of 
serap steel (that is, |} lb. per 12 cuctt of nitrogen 
air enriched to 30 oxygen (which seems the most 
conventent routine practice) ean add 125 kg. pet 
metric ton (200 Th. per net avoirdupois ton) of 
blast iron to the weight of the ingot east, which 
is 19 metric tons (21 net avoirdupois tons) for the 
converters of the Senelle plant 

Economies depend upon the relative costs of 
molten pig iron, purchased serap and oxygen, as 
well as the existing means and costs of re-treating 
in-plant serap, as in the openhearth furnace. Ot 


course, remelting in the converter is much more 


interesting for plants which, like Maximilienshitte, 
do not run openhearth furnaces, than it is for 
most European continental plants, which use basi 
converters for refining iron and remelt only low 
iron percentages with steel scrap in their open- 
hearth furnaces 
3. Nitrogen in the resulting steel can be 
largely reduced, and, if the air can be enriched 
to 40 oxygen, which seems to be the highest 
limit practically serviceable, the steel will probably 
not retain more nitrogen than if refined in an 
openhearth furnace. Since nitrogen appears to be 
absorbed at mid-blow, during transition from the 
decarburization stage to the dephosphorization 
stage, perhaps it may be sufficient to use 40 
oxygen for this brief time only 
Possibly a rotating drum-shaped furnace would 
be better for the use of pure oxygen than the 
conventional Thomas converter. This would be 
an alternative to the injection of pure oxygen in 
the bath of an openhearth furnace containing as 
much as 80° high-phosphorus (1.80 molten 
iron and only 20° serap. Work along the latter 
line was instituted in 1948 by 
IRSID at the Pompey steelworks 
It was quickly proven that 
charge ean be dephosphorizec 
almost completely during the 
time the original average 2.80 
carbon was reduced to 1 Con 
trary to the melter’s expectation 
it was found easier to dephos 
phorize than to get the deears 
burization under way 
In the same plant, the injee 
tion of oxygen in the oil burners 
of an openhearth furnace showed 
that injection of 875 ecucft. of 
oxygen per net avoirdupots ton 
of steel increased the rate of production of the 
furnace by 25°, and decreased the oil consumption 
from 270 to 224 Ib. per ton 
While some increase in furnace maintenance 
and a small anticipated loss in furnace life would 
be taken eare of, the latter could by no supposition 
amount to the increase in production rate, espe 
cially for an all-basie furnace chamber, which 
appears to be necessary in order to get the best 
results from high-intensity combustion of oif with 
oxygen and resulting hard driving of the plant 
Indeed, it is the opinion of the present writer 
that when cheap oxygen ‘enriched air) is avail 
ible, perhaps its proper usage will be in the refine 
ment of a 100 molten iron charge in hearth 
furnaces or rotating furnaces especially designed 


for the prose 
ii G. Husson 


Depart 
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Appropriate Bey UTE Castings 


Help Solwe Furnacing Problems 


Utilize the experience of alloy casting producers 
in selecting the correct alloy type to meet your 


specific needs. 


Nickel-chromium-iron heat resistant castings. 
made in conformity with the Alloy Casting Insti- 
tute designations with specified nickel contents 
ranging up to 68‘7 and chromium up to 32% may 


be broadly classified as follows: 


GROUP I—Very High Nickel-—Low Chromium — Highly 
resistant to oxidation, carburization, nitriding, thermal 
shock and creep...this group of castings with very 
] 


high nickel content provides extra stamina in vital heat 


treating and furnace applications. 


GROUP Il—High Nickel—Low Chromium — This group 
embraces the main furnace alloys. These high nickel 
low chromium alloys are used extensively for salt and 
ead pots, furnace muffles and in highly stressed parts 
uch as chains, link belts and other moving parts 
GROUP IIl—Lew Nickel—High Chromium — Large ton- 


nages of low nickel —-high chromium alloys are used in 


the heat treating and furnace field. These castings are 
lower in cost than those of the first two groups. They 
provide somewhat less resistance to carburization and 


nitriding than do the higher nickel types. 


GROUP I1V—Very Low Nickel—High Chromium —Very 
low nickel—- high chromium irons find their chief appli 
cations in high sulfur atmospheres and for elevated 
temperature service when high creep strength is not 


an important factor 


Because of unusually heavy industrial and defense 
demand, rationing of nickel has been in force since 
July 1st. However, we believe that dissemination of 
technical data and service experience can help to pro- 
mote the intelligent utilization of critical materials, 
so essential in these times. We shall, therefore, continue 
to issue information on new developments and user 


experience with nickel-containing materials 


67 WALL STREET 


THE INTERNATIONAL NICKEL COMPANY, ING. wew'ton's''r 
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Resistance to Attack by Liquid Metals 


Compiled by LeRoy R. Kelman, Walter D. Wilkinson and Frank L. Vaggee 


From “Liquid Metals Handbook”, Office 


of Naval Research Publication NAVENOS P-733 





and 





[~~ Solid Metal in °C. 


‘Pure iron 
L 


Gray cast iron 

12 to 20% Cr Irons 

2 to 9 Cr steel (+ Ti,Mo, Si) 
Low-Cr steel (+ V, Mo, Si) 
Cr-Ni austenitic stainless 
High speed toolsteel 

High -nickel steel 


Liquid Metal Ina, K, 


Melting Point 


Ferrous Metals at °C. - — | 


Carbon steel (soft or mild) 
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Aluminum 

Bi,Ca, Cd, Pb, Sb, Sn 

Beryllium 

Chromium 

Copper (1 Si, Be) 

| Aluminum bronze 
Brass, tin-bronze 

Manganese 

Molybdenum 


Nickel 





Hastelloys A,B,C 
High-Ni and Ni-Cr alloys 
Monel and Ni- Cu alloys 





Columbium 

| Platinum, gold, silver 
Silicon 

| Co-Cr alloys ( Stellite) 
| Tantalum 

| Titanium 


Tungsten 


ewe 


Degree of Resi stonce 


MB Good 
(0) Limited 
EZ Poor 
[__) Unknown 


For short-time 


(a) Data are for static systems; ferrous alloys attacked 
by moving Hg unless it contains an inhibitor (Ti or Mg) 
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sb aes (b) Vanadium steel, limited resistance at 660°C 
(c) Beryllium - copper, good at 300 and 600°C 
(d) Platinum, poor at 300 and 600°C 
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HERE ARE => CYANAMID COMPOUNDS 


to improve your heat treating and carburizing operations 


Whether you want a deep or light case—whether it's neutral hardening, heat- 
ing for austempering or martempering—AEROCASE compounds can do the 
job with greater effectiveness per dollar of salt. AEROCASE users have no 
cyanide disposal problem . . . cyanide content is less than 4 of 1% sodium cyanide 
in baths operating at maximum efficiency. For low equipment investment 
consider this—only one furnace is needed to treat all different types of parts 
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Versatile AEROHEAT compounds are spe- 
cially adapted to fast, controlled hardening, 
annealing and tempering of carbon and alloy 
steels in temperatures ranging from 300° F 
to 2400° F. While lengthening pot and elec- 
trode life, many heat treaters have elimi- 
nated sludging and decarburization with 
these compounds . . . Others have found that 
parts can be hardened more uniformly with 
distortion held to a minimum 
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Easy washing AEROCARB cornpounds pen- 
etrate rapidly at low cyanide concentrations. 
Records show their fast action produces sav- 
ings as high as 29% in operating time. A wide 
range of operation — 1300° F to 1800° F — — rm 
with even penetration and minimum distor- 
tion, cuts down on rejects and reduces fin- 


> 
ishing time. AMERICAN Cyanamid COMPANY 


Industrio!l Chemicals Divisior ( ) 
Consult a Cyanamid Technical Re presentative 30 MEPELIER PLAZA, NEW YORK 20, WN. V. 


on any heat treating or carburizing problem it pages 
7 . . . “ El :m Please send me technical data sheets on 
your plant. AEROCASE AEROHEAT [) AEROCARB 


Have a technical service representative call 














Name. 


DISTRICT OFFICES: Company 
Boston * Philadelphia + Baltimore + Charlotte » Cleveland Address 
Chicago + Kalarnazoe + Detroit + St. Lovis « Los Angeles eee 














December, 1950; Page 868-4 











NEW! 


Bausch & Lomb 
alohol METALLOGRAPH 


ALL NEW DESIGN! NEW SPEED and CONVENIENCE! 
Plus the 


NEW MAGNA-VIEWER! 





, 

) asked for this instrument! Yow helped specify its new 
convenience features. Exclusive features like these: Straight- 
Line Observation—Magna-Viewer, stage, microscope and 
eyepiece are all in one line, for easy direct observation; 
Centralized Controls—ALL controls are within easy sight 
and reach of seated operator; New Fine Adjustment Mechan- 
ism — Graduated knob measures travel . . . smooth, back- 
lash-free motion; Improved Heavy-Duty Mechanical Stage built 
on ball bearing rotatable support. Elevating Device (patent 
applied for) eliminates coarse adjustment — permits quick 
inter-change of objectives, retaining focus! Visual Ilumina- 
tor is built-in. Improved Filter System and Heat Absorbing 
System —Swing-out filter holders ... New heat-absorbing 
glass replaces the water cell; Solid Cast Optical Bed—Pro- 


vides sturdy, shock-absorbing support for camera, micro 
scope and light source with greatly increased image sta 
bility. PLUS the New Magna-Viewer—Projects bright, 
magnified screen images; ideal for prolonged observation, 
such as grain-size work and dirt counts 
fatigue, results in better, faster work. 

This is it... the metallograph which gives you the econ- 
omy of limited capacity instruments with many performance 
advantages of the highest-priced metallographs .. . at an 
initial cost in the medium range. This is the instrument you 
want for a// general metallography. 


‘ 
VME ‘ox complete information to Bausch & Lomb 


Optical Co., 638-X St. Paul St., Rochester 2, N. Y. 


eliminates 


VY” Bausch & Lomb Z/oho7 METALLOGRAPH 
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Information gained from operation of plutonium piles and from the design of mobile 
power plants for military purposes indicates that fuel costs of an atomic power plant 
will be on the same order as fuel for conventional power plants, and that the higher 
first cost of atomic power plants must be amortized through utilization of byproducts. 








Power From Atomie Reactors 





THere are few subjects about which there 
has been so much talk and so little said as 

about atomic power. Interest in the subject seems 
to be high, and the emotional content of most 
presentations adds little to the clarification of the 
issues. I will try my best, therefore, to give you 
a report as to where we are now, will try to eall 
your attention to trends which seem to me to be 
worth watching and, finally, to suggest the prob- 
lems and issues which are emerging and will 
require attention at some future time 

We can classify most of our problems in two 
main categories, namely, technical, and economic 
These I will discuss in turn 

Technical Problems To date we have been 
almost exclusively preoccupied with problems in 
this category. You will recall that nuclear reactors 
are the machines for converting the energy avail 
able from the chain reaction set up by neutrons 
in purified uranium into useful forms (a slowed- 
down atom bomb explosion The technical prob- 
lems are many and have often been described 


1. Materials to stand higher temperatures than 
result from chemical reactions 
2. Materials which show minimum damage undet 
the intense bombardment of neutrons and other par 
ticles in the interior of the reactor 
3. Materials which do not absorb and waste an 
excessive proportion of the available neutrons 
1. Shielding of personnel and instruments 
Control gear with response times adequate 
for safety 
i. Heat transfer rates higher by an order of 
agnitude than those conventionally used 
*Slightly condensed from “Reactor Program of the 
Atomic Energy Division 
Petroleun 


’, address before the American 
Institute, Los Angeles, Nov. 15, 1950 


7. Control of radioactive materials produced in 
the fission process and deposited with the fuel ele 
ments to the detriment of the neutron economy 

8 Safe disposal of radioactive wastes 


It is with precisely these problems that our 
huge National Laboratories have been preoccupied 
since 1945. Much progress has been made but, as 
in other applied research programs, just how much 
is difficult to assess without some full-scale trials 

This brings us to the second major phase of 
the current reactor program, and that is the specific 


reactor projects. These are four in number 


1. A materials testing reactor, designed for the 
highest neutron flux yet attempted. Construction is 
well advanced 

2. A land-based prototype of a submarine propul- 
sion reactor which is to operate with slow neutrons 
with which we have had extensive experience. Con- 
struction is well under way 

3 An experimental breeder reactor to discover 
whether more fissionable material can be produced 
than is consumed This reactor will operate with 
fast neutrons. (We have one other reactor operating 
in this range.) Construction is practically complete, 
installation is beginning 

4. A ship propulsion reactor to operate in the 
intermediate neutron-energy range, in which we 
have had no experience. Now in advanced stages of 
engineering design 


Progress on these reactors gives us for the first 





By Lawrence R. Hafstad 
Director 
Division of Reactor Development 


1. S. Atomic Energy Commission 
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time, since 1942, an objective measure of the “state 
of the art” in resctor technology. In general, the 
program is progressing slightly better than J 
expected but not as well as I had hoped 

The important thing is that the delays were 
not due to unexpected technical troubles. Our 
worst bottleneck, for example, has been the pro- 
duction (in pure form and in ton quantities for 
structural purposes) of a chemical element which, 
until a year ago, was essentially one of the curiosi- 
ties lumped under the rare earths in the periodic 
table. To a technical man, a bottleneck of this 
kind isn't even interesting; it’s only a damned 
nuisance, Other delays have been due to procure- 
ment difficulties in the case of essentially conven- 
tional items such as tanks, valves and pumps 
I fear that it is almost an occupational disease on 
the part of a scientist to focus attention on the 
part of a problem of particular interest to him and 
neglect what appears to him to be prosaic 

In summary then, so far as specific reactor 
projects are concerned, our laboratories seem to 
have done an adequate job of applied research, 
and to have provided our designers with adequate 
handbook type of data. Our designers in turn 
seem to have successfully avoided gross troubles 
which might be uncovered early in a construction 
program. For a final and more detailed answer, 
we must wait until the present generation of reac- 
tors has been carried through the de-bugging stage 
and is in actual operation 

So far we have been discussing technical prob- 
lems in the current crop, the present generation of 
reactors. It is not too surprising that there should 
be considerable discussion as to what types the 
next generation of reactors should include. Remem 
ber, reactors are expensive. Small ones cost from 
Ss! million to 85 million; full-grown ones 825 
million to $50 million. Reactor designs are numer- 
ous. What with breeders and nonbreeders; high, 
low and intermediate neutron energy; high, low 
and medium temperatures: natural, slightly 
enriched and highly enriched fuels; homogeneous 
and heterogeneous fuel distributions: assorted mod- 
erators, coolants and corrosion resisting coatings, 
the number of permutations and combinations 


runs high. The problem is not to invent a reactor 


The problem is to select one which will yield 
maximum returns 


What, really and honestly, are the needs? 

First, let us clear the air of some unnecessary 
confusion. Various articles state or imply that 
there is a great and immediate possibility of use 
for civilian atomic power which is being sabotaged 
by (a) the military, and (b) the private power 
interests. A Russian physicist, writing in the 


Moscow Literary Gazette, recently quoted in the 


Daily Worker, for example, claims that Americans 
“sabotage the peaceful use of atomic energy 
because it would outdate old machines and make 
coal and oil valueless”. If such statements contain 
even one iota of truth, then in my present position 
as Director of Reactor Development, | would expect 
to be a focal point for such pressures, but I can 
only report that in nearly two years they have 
failed to develop either from above or below! 

In the meantime, let us return to our technical 
problem, namely, that of picking, in the national 
interest, the most promising reactor or groups of 
reactors. First and foremost, we need production 
reactors for producing fissionable material for 
either military or civilian use. Next, we can prob- 
ably use to advantage mobile power reactors if the 
cost in both dollars and fissionable material does 
not prove to be prohibitive. Finally, we can justify 
heavy commitments to reactors producing electric 
power only if and when the cost of this power 
bears a reasonable relationship to the cost under 
comparable conditions of power available from 
conventional fuels. 

These are the boundary conditions on our 
problem 

Now, which reactors should be built? To jus- 
tify building an expensive reactor, we must, or 
should, have a demonstrable need. To assess the 
need we must know costs, but costs can be deter- 
To break 
out of this vicious circle we have used the fact 


mined only by first building reactors! 


that, for the military needs, the unknown economic 
factor is less compelling 

We can draw a few other general conclusions 
from our reactor experience to date: For example, 
with fissionable material in great demand for 
bombs, we must concentrate on power reactors 
which, at least partially, replenish the fissionable 
material used up. Mobile military reactors there- 
fore converge on production reactors, and both 
should eventuaily be combined with breeding of 
new fuel. This leads us to the breeder reactor, 
which continues to be highly desirable. Further- 
more, the civilian power reactors, precisely because 
of their need for the lowest possible cost of power 
produced, are tending to interlock with production 
processes and therefore production reactors for 
military uses. Thus, instead of being separable 
into neat little problems which can be solved, one 
at a time by themselves, the trend appears to be 
toward greater complexity with a pronounced inter- 
lock between production of fissionable material 
and the construction of mobile reactors for the 
military, and reactors for civilian power 

Note how insistently the economic factor intrudes 
itself into what we would like to consider as a 
purely technical problem. Let us therefore turn to 
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the economic problem before 
trying to summarize the de- 
siderata for the next generation 
of reactors 

Economic Problems _ Crit- 
ics usually make the assump- 
tion that civilian atomic power 
could be made practical (that 
is, cheap) and generally avail- 
able if only those in authority 
had the will to do it The 
assumption is that by anothes 
billion-dollar crash program, 
Manhattan District type of 
attack, the remaining necessary 
“secrets” could be uncovered 
and the real atomic era ushered 
in Actually, there seems to be 


1. They do not exist within 
the Atomic Energy Commission 

2 If they existed, they could 
not be released for security reasons 

3. Uf they did exist and if they 
could be released, I wouldn't be 
lieve them anyway 

My pessimism in this matter 
stems from the fact that two 
variables are involved, both of 
which are uncei:tain As in 
other human activities, we must 
consider both the first cost and 
the upkeep The first cost is 
still unknown for we have 
never even designed, much less 
built and operated, a reactor 


intended to deliver significant 


in common between alom 
bomb and civilian power except 


kind rather than in degree. The 


atom bomb was almost uniquely 


Lawrence R. Hafstad 


onG a student of radio waves, 
L Dr. Harstap became director in 
1940 of the work which led to the 
proximity fuse 


They differ in 


Previously with 


Ricuarp Roserts and Merrie Truve, 


a black-or-white problem; it he had verified the German report 


a grand success or a that the uranium atom could be 


split Since 1948 he has directed 


the development of nuclear reactors 


amounts of powell economically 
The second factor (upkeep) ts 
even more uncertain since all 
fissionable material to date has 
been produced in a government 
monopoly on a crash program 
basis in such a way that pre 
cise cost allocation to any one 


item simply cannot be made 


The civilian power problem 
is quite different 


for the U. S 
Enough Commission 
technical facts have long been 
known to assure us that electric 
power can be produced if we are willing to pay 
the price. It is for this reason that the crash 
program is the last thing we want. If correct 
bookkeeping procedures were followed, the high 
costs of such a program would have to be charged 
to the power ultimately produced, thus raising 
rather than lowering its cost 

In many respects, economic factors make the 
power problem a tougher one than the bomb 
problem and we will have to look elsewhere for 
an analogy. Perhaps the closest we can come is 
the problem of private flying for the airplane 
industry. Here the technical problems are already 
at least to a first approximation, but until 
it becomes much, much cheaper, willing potential 


solved 


customers will continue to look upon private 
planes as an unjustifiable luxury. Similarly, at the 
moment, civilian atomic power is potentially avail 


able, but only as a luxury civilians can’t afford 


Single and Multiple-Purpose Reactors 


Figures in the literature on estimated costs for 
atomic energy vary by at least a factor of ten 
I am not going to give you more accurate cost 


figures for three very good reasons 


Atomix 


R seres The only really significant 
. figure for the cost of civilian 
power trom atomic energy 
would be one based on a power 
system which pays its own way with civilian 
instead of military) uses of byproducts — all the 
way from the uranium mines to the disposal dump 
Even excepting the additional complications 
introduced by the security problem, cost estimates 
are quite unsatisfactory, both inside the Commis 
sion and in the open literature. Estimates invari 
ably turn out to be too low. It is for this reason 
that my own approach has been to set upper limits 
n cost based on the firmest available costs on the 
most nearly similar reactor either built or under 
construction We cannot take seriously those 
estimates based on the cost of low-temperature 
reactors used for the production of plutonium and 
the assumption that they can be redesigned for 
higher temperature operation. If this were easy 
to do it would have been done in the first place 
and, if it is not easy to do it is likely to be 
expensive. Thus, | have been driven back to the 
ship propulsion reactor as our currently best avail- 
able yardstick for nuclear power costs, A rough 
figure for this has been given as $1400 per kw-hr 
installed capacity for nuclear power. Compare this 
with #133 for the corresponding equipment of a 
conventional power plant 


Now we know that while, in a mature and 
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highly competitive business such as the power 
industry, it will be slow work to reduce furthe 
the #133, there are many savings which can be 
made in the #1400 figure. Let me list some of the 
high-cost items where savings seem possible 

1. High development costs of a prototype reactor 

2. High costs for meeting naval requirements of 
weight and space 

3. High cost of reprocessing fuels 

4. Lack of volume production 
5. Extreme security precautions. 

6. Extreme precautions for personnel safety in 

cramped quarters. 

If with savings in these items, and the almost 
certain technical improvement in a field as new as 
atomic energy we can pick up a factor of two 
or three, we could begin to close in on the com- 
petitive figure of $133 for corresponding capital 
costs of the conventional installation 

To effect these savings, fastest progress would 
be made if we could move toward the design and 
construction of reactors on a competitive bid, fixed- 
price basis, or by otherwise utilizing a_ profit- 
making incentive. This will not be easy but I 
believe that it can be done if we in Washington 
have both the will and the ingenuity 

Turning to the fuel cost, we can only empha- 
size that even for nuclear fuels this item is not 
negligible. ‘Taking from the open literature the 
figure of 820 per gram for nuclear fuel, we still 
get a cost of one mill per kw-hi 


2 mills for conventional fuels 


as compared to 
The $20 figure is 
almost certainly low and seems likely to increase 
as the supply of high-grade uranium ore runs out 
For single-purpose civilian power-producing reac- 
tors burning U-235, the conclusion is that the cost 
of fuel will be about the same as for conventional 
plants, while the cost of the installation Cand 
probably its operation) will be considerably higher 
Exactly what the costs will be cannot be known 
until we can try the experiment 

Multiple-Purpose Reactors So far | have 
talked mostly about reactors whose sole reason 
for existence is the production of power But 
we have reactors producing plutonium which 
throw away their heat. Suppose this heat could 
be put to some use — even the distillation of sea 
water what then is the economic picture? 

One thing is certain utilization of byprod 
ucts can sometimes salvage an otherwise uneco 
nomical proposition. Teehnically, a reactor to 
produce both power and plutonium is not out of 
the realm of possibilities. We don't know much 
about such a reactor vet. But if we can make one 
work, the value of the plutonium would allow us 
to charge off much of the operating cost to the 
production of the plutonium 
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Industrial Participation 


We can now see more clearly the nature of 
the joint government-industry effort to realize the 
potential in atomic energy. In some respects, it is 
clear only in terms of problems to be solved. But 
those problems have been identified sufficiently for 
both the Atomic Energy Commission and American 
industry to determine the most effective role each 
must play 

The level has been substantially raised in our 
reservoir of technical knowledge. We have more 
tools with which to work, but our work-load has 
increased even more. In the meantime, industry 
begins to see its own role not only in terms of job 
contracts, but in the promise held by the multiple- 
purpose reactor 

Suppose now that either out of the national 
laboratories or from industrial contractors we get 
a design of a reactor producing plutonium and 
which yields electric power as a byproduct. Does 
this finally usher in the atomic era? I'm afraid 
not. The major charges will still be carried by 
the military need for plutonium. Only if and when 
we can produce fissionable material which when 


used for civilian power will pay for its own pro 


Original Uranium Reactor (in Which a Chain Reaction 
Was Produced on Dee, 2, 1912) Re-krected at Argonne 
National Laboratory. 1 5-ft. concrete wall encloses 
a 21-ft. cube of pure graphite in which 52 tons of 
uranium metal and oxide is distributed. Control 
rods are on galleries at right: scientific observational 


equipment ts housed in small building on top 





duction costs can we truly say that the civilian 
atomic power problem has been solved. In the 
meantime we would be less than prudent if we did 
not take advantage of every opportunity to reduce 
over-all costs by an increasing emphasis on the 
use of byproducts, as in the past has been done 
so successfully by industry 

Assuming, then, that it is desirable to have 
greater industrial participation, and by this let us 
agree to mean responsible, cost-reducing, competi- 
live participation, what problems will arise? 

First and foremost there will be the problem 
of shortage of personnel. A recent search turned 
up a total of only 350 names in the whole country 
of people who list themselves either as mathemati- 
cal physicists or as nuclear physicists. Of these, 
most will be engaged in university teaching, others 
will be suspect “intellectual pinks”, so it is not 
surprising that we count our experienced reactor 
designers almost on our fingers. Essentially all 
are already committed and overcommitted by our 
present program, and nothing would cause more 
disruption in this program than an irresponsible 
uncontrolled proselyting of key personnel. This 
is a primary problem. Its solution will almost 
certainly lie in an expanded training program for 
our embryonic industry 

A second very serious problem will be that of 
unpredictable costs which may be introduced at 
any time during operation by government decree 
These will be mainly in the fields of security, 
accountability for the fissionable material, and 
Initial 
agreements can probably be worked out, but abrupt 


personnel safety both in and near the plant 


and arbitrary changes in the rules of the game 
after the play is underway are going to raise inter 
esting questions 

A third category of problems which can readily 
be foreseen is that toward which the industrial 
“market survey” is aimed. In other words, what 
is the future market for the product? As is well 
known, the government is reluctant to commit 
itself for expenditures in future years. Yet in a 
development as ponderous as that of atomic energy, 
any privately financed industrial approach would 
have to be based on firm plans for five, ten oft 
more years in the future 

Another knotty problem is that of the tai 
and equitable distribution among many interested 
groups of the opportunity to play an active part 
in this field. Finally, there is a category of legal 
problems, and possibly additional complications 
due to an international inspection system by the 
United Nations 

It is clear that problems are many and, viewed 
philosophically, it might well be said that we are 


currently engaged in trying to develop an atom 


energy industry with none of the advantages of 
either our own or the Russian economic system! 


Nearby Developments 


Now let us return to the intriguing problem 
of picking the leading candidates for the next 
generation of reactors. There is now an expressed 
demand for reactors for the following purposes 

1. As a research tool, both by universities and 
by industry 

2. For mobile power, almost exclusively military 

3. For the production of fissionable material 

4. For the generation of power 

rhe first of these presents few problems since 
they can be small, safe, and relatively inexpensive 

The second, third and fourth are already large, 
complex and expensive and promise to remain so 
Their development problems are inexorably inter 
locked. In order that these enterprises can be 
designed with lesser risk, we have established still 
another category of reactors, the experimental 
“test-prototype” reactors 

These are reactors which will permit us to 
separate the variables inherent in the large multi- 
purpose reactors. The “experimental breeder reac- 
tor”, for example, is one of these. It will enable 
the breeding problem to be studied essentially by 
itself with a minimum of interference from the 
demands of, let us say, high temperature, efficient 
production, or maximum power. A similar reactor 
which will permit us to test our knowledge, pre- 
dictions, and techniques in connection with the 
homogeneous reactor approach has been author- 
ized. Still another experimental reactor designed 
for the 


ceivably be obtained with “soon to become avail 


highest temperatures which could con 


able” materials is on the drawing boards 
Summarizing, and focusing our attention on 
trends, we note that discussion and interest have 
shifted from the question of whether power reac 
tors can be built, to which should be built and 
which will prove most economical, This repre 
sents real technical progress. Current efforts are 
proceeding on two fronts, a direct attack on those 
problems confronting production and mobile reac 
tors, for which there is a present real demand, and 
+ parallel! attack on the applied research front, 
looking toward proved technological advances 
which at some future date can be sately incorpo 
rated in the main line of large reactors. We note 
a trend toward complex multi-purpose reactors 
with civilian power probably emerging first as a 
byproduct from production reactors and perhaps 
ultimately in its own right Finally, we note an 
increasing interest in the Commission to consider 


proposals for industrial participation  ] 
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Excavations on the Site of Hammersmith. Blast furnace crucible in right foreground, 
foundation timbers for bellows in bottom center, pig bed at lower level (left center). The 


ridge extending down the river bank is the slag dump. Photograph by Richard Merrill 








Twenty years after the Indians massacred the workmen and destroyed the new fur- 
nace at Falling Creek, Va., a blast furnace was built near Boston and operated suc- 
cessfully for over 20 years. It is now being excavated and later will be reconstructed. 








Hammersmith — Ameriea’s First 


Sueeessiul Iron Works 





IN THE quiet little town of Saugus, Mass., is 
the site of a former industry of significance. 
It is from this spot a few miles from the coast line 
and perhaps 10 or 12 miles northward from Boston 
that the iron and steel industry traces its origin 
It is here, a little over 300 years ago, that iron blast 
furnace operation started in this country and was 
successfully carried on for a number of years; 
here was the first successful iron works; here was 
the very birthplace of our iron and steel industry 
Many are familiar with this fact and much has 
been written of it in the past. It is thus not neces- 
sary, in that which follows, to dwell at length on 
many of the historic details, rather to make brief 
note of an earlier attempt at iron making in the 
new world. The unfortunate circumstances of this 
other venture give the Saugus works undisputed 
title as the first successful iron works; at the same 
time it may show how narrow was the margin by 
which it succeeded 
The discovery of iron ore in Virginia led to the 
building of a blast furnace at Falling Creek, Va 
Before this plant could be put into operation, how- 
ever, Indians killed nearly all of the workmen and 
inhabitants and destroyed the plant. For 20 years, 
up to the Saugus venture (and an almost simul- 
taneous but less successful undertaking of the same 
company at Braintree) no further attempts at iron 
making in the Colonies are recorded 
The establishment at Saugus was called Ham- 
mersmith, after a district near London whence 
came many of its skilled workmen. According to 
record, the men and some materials arrived in this 
country in the fall of 1643. and this is the year 


which is usually quoted as the active beginning 
of the enterprise. From this date until some time 
between 1660 and 1680 the plant produced iron 
nearly continuously 

Although the furnace production was undoubt 
edly erratic, records indicate that in the summer 
of 1648 the rate was on the order of six to seven 
tons weekly. Not only was the iron cast in many 
useful articles, such as kettles and utensils, but a 
finery was also operated. Here the pig iron was 
reduced in carbon to wrought iron and then forged 
to bars. There is reason to believe that a rolling 
and slitting mill may also have been set up for 
making nails or bars used by the blacksmith 

Aside from the accounts of court proceedings, 
letters and business documents connected with 
Hammersmith and its principals, two outstanding 
monuments at the site have bridged the 300-year 
chasm of time to offer testimony in our present 
day. These are the so-called lron Works House 
and the nearby mounds of slag 

The original company backing the colonial 
project agreed to provide housing for the general 
manager of Hammersmith. Today, authorities are 
in accord that the present Iron ‘Works House is 
the result of such an agreement a reconstruction 
which stands on the original foundations 





By E. L. Bartholomew, Jr. 
Assoc. Prof. of Mechanical Engineering 


University of Connecticut, Storrs, Conn 
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The slag dump, although necessarily lacking 
the popular interest of the Iron Works House, is 
none the less significant. Despite the fact that much 
of it is known to have been later removed for roads 
or fill, it is still large enough to indicate the extent 
of the workings 


Undoubtedly these two markers of the past 


have kept the story of the old iron works alive 
Thousands have visited and inspected the house 
and always among them the steelman or the metal- 
lurgist would invariably wander down to poke 
about in the old slag pile. In some of these visitors 
a determination was fired that someday this his- 
toric undertaking could be properly commemorated 
This is the substance of today’s story 

In the fall of 1943, just 300 years after the 
arrival of the workers from England, The First 
Iron Works Association was incorporated. Although 
set up to administer the Iron Works House, the 
Association grew rapidly to include members 
equally interested in the Iron Works itself. Gradu- 
ally the words “restoration” and “shrine of the iron 
and steel industry” began to usurp the discussions 
at annual meetings. All of this culminated with 
the assurances of the American Iron and Steel 
Institute that, if a restoration program were to be 
drawn up, adequate assistance for its execution 
would be provided. This was in the spring of 1948 
In the fall of the same vear, excavation was in 
progress under the guidance of a competent archae 
ologist. As the plans were worked into shape and 
became more thoroughly organized, a program of 
careful research into the history of the Iron Works 
was begun, to supplement the exploration on the 
site “Digging” and “discovery” have been the 
bywords through the past vear 

Almost at the beginning, the foundations and 
part of the walls of the old furnace were dis 
covered In uncovering these the outline of the 
furnace and its crucible was revealed. Later some 
massive timbers which undoubtedly carried the 
bellows for blowing the furnace were uncovered 
One of these beams measures 14x 12 in. and most 
of it is amazingly sound. A length of conical pipe 
was located near the tuyere opening and is thought 
to be the nozzle connecting with the bellows 

On a gentle slope leading away trom what 
must have been the hearth arch of the blast fur 
nace the pig beds have been located Some sand 
found in this region is foreign to the immediate 
locale and appears more like beach sand which 
could have been so used. One rectangular piece 
of iron, found in this area, measured approximately 
lox lixs in. Chemical analysis of some iron, 
presumably a piece of a kettle cast from the fur 
nace, shows it to be not greatly different in com 


position from modern cast iron used for similar 


purposes not surprising, for the fundamental 
aspects of blast furnace practice have not changed 
From careful study of these findings, together 
with data gathered from the program of research 
into other early iron blast furnaces, it is reason- 
able to expect that an authentic restoration of the 
old furnace may readily be accomplished. This 
reconstruction will be delayed until all available 
information wil. have been searched and accurately 
evaluated. The furnace itself, the wheel, bellows, 
charging trestle, casting shed and other equipment 
attendant to furnace operation will be rebuilt 
Excavation has already disclosed the tail race 
from the water wheel which powered the bellows; 
some of its original planking is still in place. A 
short distance from the furnace along the race 
another foundation has been discovered, supposedly 
of the finery 
During the course of much tedious digging and 
sifting of earth, many small items have been dis- 
covered which have an interesting bearing on the 
former operations. Among these are bits of cast- 
ings, wrought iron bars, and nails. Even small 
pieces of leather which may well have been part 
of the bellows were recovered from the environs 
of the bellows housing. Some of the loose stone 
from the vicinity of the furnace foundations has 
been exposed to high temperatures; one side is 
glass-like and of greenish hue In view of the 
plant’s nearness to coastal waters it has reasonably 
been supposed that shells were used as a flux 
It is also a matter of record that later blast fur- 
naces in this vicinity made almost exclusive use 
of sea shells for this purpose. To date, however, 
only meager evidence on this point has been 
exposed by the excavations at the established old 
working levels. A few bits of coral, authoritatively 
identified as such, and stray pieces of limestone 
have been found. The latter items complement 
some data in the business records which suggest 
that there had been some importation of fluxing 
materials. The precise nature of these materials, 
questions concerning their point of origin and the 
amount brought in to Saugus are matters which 
it is hoped will be clarified by further research 
At the present time, exploration continues on 
the site, there being much of the area as yet not 
thoroughly investigated Similarly, records and 
documents pertaining to both Saugus and con 
temporary English iron works are being carefully 
examined. Restoration and a general rebuilding ot 
the entire plant and facilities will follow the slow 
but sure completion of this work. Just when the 
last stone will be replaced, the last wooden peg 
When this day 
comes, there will once again have arisen the first 
successful iron works in America 8 


driven home, no one can say now 
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¢ REVERE 
COPPER AND 
BRASS HELPS 


keep TV 
Sales Hot 


FOR 


CROSLEY 


.makes 
binets 


The newest Crosley Television Cabinets are strik- 
ing examples of how copper and brass can be used 
to give products sales appeal as well as serve a 
utilitarian purpose 

All models, two of which are shown above, are 
equipped with gleaming bezels which‘ frame the 
television screens. They are made for the Crosley 
Corporation from Revere 90-10 Commercial Bronze 
The table model shown is equipped with two control 
escutcheons drawn from this same metal by the Rex 
Engineering Company, Cincinnati, Ohio. The table 
model also has two strips of .0016° Revere Soft Cop- 
per of 54” width on the under side of the top of the 
cabinet. This acts as an insulator by conducting any 
heat generated, away from the wooden cabinets. For, 
although copper is the best heat conductor of the 
commercial metals, when highly polished it dissi- 
pates rather chan absorbs heat. 


Note on the console model, shown above, how the 
three Revere Brass Tubes add a touch of luxury and 
richness to the cabinet 

Perhaps Revere Copper or Brass or one of its other 
metals or alloys can help in the development and 
improvement of your product. Why nor call the 
nearest Revere Sales Office and see? 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago, 1/1; Detrodit, Mich; Lot Angeles and 
Riverside, Cali; New Bedford, Mau; Rome, N. ¥ 


Sales Offices in Principal Cities, Distributors Everywhere 
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Personal Mention 


Harr, K. thrig 


Announcement has been made by 
Allis-Chalmer Mfg. Co., Milwaukee, 
of the appointment of H. K. lhrig S 
as Vice-president in charge of research 
Dy lhrig terminates 17 years with 
Globe Steel Tubes Co., where he wa 


vice-president and director of labora 


S. . 
tories, to accept this new position. Dr. a Jeter amuel L. Hoyt 


thrig has received awards from the ‘ f The University of Minnesota, ir 
University of Wisconsin (1949) and E. Claude Jeter @, formerly plant 


ri its recent centennial celebration, con 
manager of the Dearborn Iror 


the American Institute of Mining and 


. ferred its Outstanding Achievement 
(Robert W Foundry, has been named plant mar 


Metallurgical Engineers 4 ; Medal on Samuel L. Hoyt @, a grad 
Hunt Medal, 1947). He holds 19 pat ager of the Ford Motor Co.’s new uate of Minnesota School of Mines 


ents and is best known for his proces foundry in Cleveland, Mr. Jeter has and (after doctorate study at Colum 
of Ihrigizing, which provides for sili been with Ford since he graduated bia and in Germany) organizer of its 
con impregnation of iron and steel to from Clemson College in 1928, — department of metallography (1913) 
obtain a case which is very resistant ing in the analytical laboratory of the From 1919 to 1931 he was metallur 
to corrosion, heat and wear. Dr. Ihrig metallurgical ontrol department gical engineer for General Electric 
is a native of Wisconsin and obtained Soon afterward, he began his exper! Co., where he studied and perfected 
his bachelor’s and master’s degrees mental wort asting processes and an idea gained from G.E.’s Germat 


from the University of North Dakota techniques. In 1944, he was placed in affiliate, the Osram Co., wherein pat 


and his Ph.D. from the University of charge of foundry control under th 
] 


ticles of excessively hard tungsten 
chemical and metallurgica department 


California carbide, sintered and bound together 

am the s . w vears S to 
Morse Chain Co., a division of rare ie sasomeemg years res with cobalt, are made into that most 
- mF assistant superintendent, superintend excellent cutting material known a 
' a am 2 xcelle el y aterié own as 
Borg-Warner Corp., announce that ent, and plant manager of the Rouge 


E. W. Deck @, formerly manager of production Foundry. Mr. Jeter is the 


tl thaca, N. ¥ lant, he beer » 
ve Ithaca, os a we author of many articles on foundry 


Carboloy. Sam Hoyt’s first technical 
publication described this epoch-mak 
; ng development in cutting tool 

manufacturing — je and techs Hig in the publi vfore the tenth annual convention i 
cation of the S.A.E., A.S.M. and 1928 of the @ (then known as the 


\u i al ‘ \urora, Iil., A} _ ¢ 


American Society for Steel Treating) 
announce ap intment of J. W 
i " Robert S. Burpo, Jr., . who ha and it is this work which was dwelt 
auder i a metallurgist 
By Oa — the Mir 


hee recalled to active luty by the ipon in 


named vice-president in charge of 


esota award. From 

Phe rDOrO} 0. Detroit, ar U. S. Navy, has been assigned to the 1931 to 1939 Hoyt served as directo 
nounce . Wallace Ss. for material laboratory, Ne rk Naval of metallurgical research for A. O 
merly pe tendent of the carbide Shipyard, Brookly N.Y Smith Corp., and 1939 he has 
metal divi " F been named mat been technical adviso o Battelle le 

John F. Carlson who g 
pen @ morial IAstitute 

from the Unive 

i now ved by | A. M. Aksoy @ has been appointed 

Frederick VP. Hesch @, f rly jlun rt Brac y , associate professor of metallurgy at 
vith Kaiser Aluminum Resear: ab Drexel Institute « Tech l 
Bruce Carpenter mer i PI 


ager of ¢ 


other per 


oratory, has accepted a ladelphia 


proce ngines ng with Northroy per 
Aircraft ¢ Pp Hawthorne 

Taylor Lyman @ hi: 
mareG By wraeee, ca towns the Econo operatior 


Metals from : wiate ed ' istration, Wayne L. Cockrell @ is now 
m a 


id 


After re 


Korea a 


emp! ved in administrate 
son with Atomic Energy Commi 
ontractors « metallurgical matter 


associated with reactor development 





The shortest 
distance 


between guessing 


Fast-moving machines are hard to 
study under actual working con- 
ditions. But with high speed mov- 
ies you can slow down fast action 
to a pace the eye can follow. 


With the Kodak High Speed Cam- 
era you can take pictures of your ™~. 
problem (up to 3200 a second on 
regular 16mm movie film). Then =~ 
you can see the ps mages clearly Way 
—enlarged on the projection % 
screen—slowed down 200 times! 4 
You can ng grt for exces- 
sive wear, operation, noise, 
vibration, or early failure. What 
you see can point the way to better 
design, better methods, per- 
rt ob ph 
High speed photography is not 
difficult, and its cost t small com- 
pared with the savings it makes 
possible. For more information, 
write for the booklet ate 
Time” or for loan of the 
demonstration film made with the 
Kodak High Speed Camera. 


EASTMAN KODAK COMPANY, Industrial Photographic Division, Rochester 4, N. Y. 


High-Speed Movies 


...- another important function of photography 











Personals 





Edward A. Livingstone @, vice 
president in charge of sales of Bab 
cock & Wilcox Tube Co., Beaver Falls, 
Pa., has been named to the Steel Prod 
ucts Industry Advisory Committee. 

Carl O. Lundberg @, formerly with 
the Norton Co, research laboratories, 
is now a sales engineer in the Detroit 
office of Vanadium Alloys Steel Co. 


R. C. Dartnell, Jr.. @, who ob 
tained his master’s degree from West 
Virginia University in July, is now 
in the production department of the 
American Cyanamid Co., Caleo Chem- 


ical Div., Willow Island, W. Va. 


George A. Exley @, formerly with 
the Bendix Radio Div. of Bendix Avi 
ation Corp., has accepted a position 
with Hughes Aircraft Co., Culver City, 
Calif., as 


superintendent of guided 


missile production. 


George L. Flint @ has been ap 
pointed metallurgist at the Richland, 
Wash., plant of General Electric Co. 





MARVEL BAND SAW saved these 
two 4400-Ib. castings 


Iwo sand cores washed out when these 
giant 4400-pound steel connecting rods 
were cast, resulting in solid eye ends with- 
out gaps. Then came the $64 question- 
how to machine out the 1')” slots in the 
longitudinal center of the eyes which were 
22” high and had a wall thickness of 61”. 


The Ernest J. Nelson Iron Works of San 
Francisco did this “impossible” job easily, 
quickly and economically, without special 
tooling, on a standard Model No. 8M/2 
MARVEL Band Saw. Two cuts were made 
in each rod in two hours per cut with tool 
cost of $3.06 per rod The tool was a 
MARVEL B9-10 Band Saw Blade 


Every tool room, machine shop and main- 
tenance department needs a MARVEL 
Series 8 Universal Band Saw—not only for 
innumerable everyday jobs but for the oc- 
easional “trick” operations, where its ut- 
most versatility will save many headaches 
and dollars 


WRITE FOR CATALOG 


This is another of the 
"HUNDREDS OF JOBS” 


which can be done on a 


MARVEL Band Saw! 


These exclusive MARVEI 
made this job easy 


features 


1. Large, T-slotted work table. 
Blade feeds into work ver- 
tically; 
tionary. 


work always sta- 


Power-pressure feed. 
Automatic Blade tension 
Built-in coolant system 


Large capacity 


ARMSTRONG-BLUM MFG. CO. 
“The Hack Saw People’’ 
5700 Bloomingdale Ave 


Chicago 39, Hlinois 
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Charles W. Andrews @, formerly 
project engineer in the development 
laboratory, Brush Beryllium Co., has 
accepted a position of metallurgist in 
the jet division of the Tapco plant of 
Thompson Products, Inc., Cleveland. 

Joseph A. Creevy @, formerly field 
representative for the Youngstown 
Sheet & Tube Co., is now manager of 
pipe sales for the Newport Steel Corp., 
Newport, Ky. 


Herbert D. Cronin @, who gradu 
from the School of 
Mines in May, is presently employed 
as a metallurgical engineer by Har 
rington & Richardson Arms Co., Wor 
Mass. 


ated Colorado 


cester, 
Sherman 8S. Cross @ has been pro 
moted from chief engineer to manage: 
of operations of Brainard Steel Co., 
Warren, Ohio. 
Robert R. 


research 


Jones ©, 


engineer with 


formerly a 
Thompson 
Products, Inc., Cleveland, has been ap- 
pointed instructor in 


Lafayette College 


metallurgy at 


Wayland S. Bailey @ has accepted 
a position as associate professor of 
Norwich 


mechanical engineering at 


University, Northfield, Vt 


Philip C. Barr @, who joined Alle 
gheny Ludlum Steel Corp.’s training 
program in July, has been transferred 
to the titanium research division ir 
Watervliet, N. Y., as 
search metallurgist. 


Majors, Jr., @, 


executive officer of the materials divi 


assistant re 


Harry formerly 
sion at the department of mechanical 
engineering at Massachusetts Insti 
tute of Technology, is now director of 
the engineering experiment station at 
the University of Alabama, Univer 


sity, Ala. 


Tak Matsuda @, who received his 
M.S. from Case Institute of Technol 
ogy in January 1950, is now enrolled 
at Stanford University working part 
time as a laboratory assistant in the 
department of metallurgy and study 
ing toward his Ph.D 


George W. Metger, Jr.. | is now 
in the training program of the 
Bendix 


Brake 


engineering department of 
Automotive Air 


Co., Elyria, Ohio 


West inghouse 


Paul H. Morehead @ has been ap 
pointed detail engineer in the exper 
mental division of the Motor 


Co., Flint, Mich 


suich 


William E. Pearson @, who re 
ceived his M.S. in metallurgical engi 
neering from Michigan State College 
September, is now employed as a 
with the Detroit Trans 
General Motors 


metallurgist 


mission Div., Cory 





WHATS A STEEL 
THATS HARD AND 
TOUGH, YET EASY 

TO MACHINE ? 


WHERES THE 
BEST PLACE TO 
GET IT? 


RE you looking for a steel with the remarkable 

properties of 52100? It has high fatigue strength 

and high tensile strength. It can be oil quenched in 

moderate sections to a maximum hardness of Rockwell 

C 65/66. It withstands working pressures of 200,000 

p.s.i. And it has excellent machinability of spheroidized 
annealing. 

Your best source of supply for 52100 steel is The 
Timken Roller Bearing Company. Timken” is one of 
the world’s largest producers of 52100 and the only 
source of all three finished forms—bars, tubes and 
wire. Timken maintains a mill stock of 52100 tubing 


YEARS AHEAD —THROUGH EXPERIENCE AND RESEARCH 


to fill small run requirements. 101 sizes ranging from 
1” to 10%" O.D. Shipment within 24 hours after 
receipt of order. And Timken assures you of uniform 
quality in every shipment through complete, rigid 
quality control. 


Timken 52100 steel offers outstanding advantages for 
any machined part requiring great strength and excep- 
tional wear resistance — parts like lathe centers, slitting 
knives, mill rolls, pump parts and others. For a stock 
list of available sizes, grades and finishes, write The 
Timken Roller Bearing Company, Steel and Tube Divi- 
sion, Canton 6, Ohio. Cable address: ““TIMROSCO” 
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Personals 





Arnold S. Rose @, formerly of the 
RCA Victor Div., 
cial products division of the ITE Ci: 
Breaker Co., Philadelphia, as 
head of its research and development 


has joined the spe 


cult 


Walter L. Finlay @ has been ap 
pointed research manager of Rem-Cru 
Titanium, Inc., 
manufacturing company jointly owned 
by Remington Arms Co., In« 


Bridgeport, Conn., a 


and 


Steel Co. of America Dr 


active in 


Crucible 
Finlay 
research at Remingtor 
1947. 


C. C. Wissmann @, formerly re settee 

Aircraft Alvin Shames @, who 
Los An received his 
Los Angek 


has beer titanium 


Arms Co 


earch metallurgist at Solar recently 
; since 
Co., is now metallurgist for master’s degree from 


Stee] 


gels 
Calif 


Casting C« Pennsylvania State College, is now a 


Memo Seymour J. Sindeband @, formerly 
technical director of American Electro 


Metal Corp., has 


research engineer at Battelle 


rial Institute, Columbus, Ohio 


Richard W. Wilson @, formerly 


associate metallurgist at 


elected execu 


Mercast 


beer 
Armour Re L. R. Wolff @, who graduated from 
School of Mines in May, 
metallurgical assistant for 


Fontana, Calif. 


tive vice-president of 
New York City. 


Cor P 
Colorado 


Derrick Co., St i 


Foundation, has joined the 
American Hoist & 


Paul, Minn., 


search 
now a 
as chief metallurgist Kaiser Steel Corp., Oliver Smalley @, president of the 
Meehanite Metal Corp., New Rochelle 
_ ao ee awarded the Gold 
Medal of the Gray Iron Founders’ Se 


of America for hi 





been 


WHY THESE TOOL STEELS 
ARE UNFORGETABLE 


ciety contributior 


to the industry 


Heppenstall Co. announces the ap 
pointment of Raymond T. Porter @ as 
Porter 


has been with the company since 1918 


eastern sales manager Mr 


and has recently been sales manager 


n Bridgeport, Conr 


Donald F 
metallurgist at the 
Study of Metals, University of 
now at the U 


Clifton ©, fo 
Institute for 
cago, 18 liversity 


Utah on an engineering experiment 


station fellowship 


Following graduation from Car 
negie Institute of Technology in June 
Charles E. Clinton, Jr.. @ has a 
cepted a position as sales enginee 
with the Mesta Machine Co 


Homestead, Pa 


trainee 


West 





Raymond H. 


leave 


Hays @. who ha 


been o1 from the Caterpillar 





Tractor Co., Peoria, Ill, to receive his 
M.S. degree at the Univers 
Kentucky, ha 


metallurgist 
Howard Heineke @, a June 
Kentucky, 


nior 


MILNE’S COMPLETE LINE OF HOLLOW AND SOLID TOOL STEELS HAVE 
OVERALL COLOR IDENTIFICATION THAT SIMPLIFIES INVENTORY CONTROL 


MILNE’S TOOL STEELS ARE TREAT CARD—With every shipment 
“"UNFORGETABLE” BECAUSE _ goes a heat treatment card of a color 
FHEY'RE KOLORKOTED — The _ that matches the steel. Gives complete 
ntire length of the steel is spray heat treat instructions. Eliminates ate 
painted an identifying color for per costly wrong guesses. 
manent, quick-as-a-glance identifica- 
tion. Each piece of Milne tool steel 
keeps on telling you and your em- 
ployees what it is. Milne’s steels are 


y - 

practically confusion-proof. helps you pick the proper Milne steel 
MILNE'’S TOOL STEELS ARE ond elves you the complete story on a 
UNFORGETABLE” BECAUSE it. Ask any Milne eilice for your 

EACH HAS A MATCHING HEAT copy, today. 


returned a 


gradu 
from the University of 
has accepted a position as ju 
With Milne Tool Steels you can't for- 
get what you get or how to treat it 
as long as you have it. 


mechanical engi: 
department, Bendix Aviatior 
Kansas City, Me 


gineer in the 


The tool steel selector shown above 
‘ pte al 


William R. Holman @ has a 


staff of Stanford 


positior or the 
Research Institute as a physical met 
allurgist 

SALES OFFICES 

& WAREHOUSES 
NEW YORK 14, NLY 
Tel. WAtkins 4.3830 
CHICAGO 7, ILL 
Tel. MOnroe 6.2996 
BOSTON 27, MASS 
Tel. SOuth 8.5305 


| SOUTHWEST 
| 
| 
| 
| 
PITTSBURGH 12,PA. | 
! 
| 
| 
| 
| 
| 


VINSON 
SUPPLY CO 
Dollas, Texas 


ST. LOUIS, MO For Southern Colif 

Tel. \Ucas 1926 Pa. 

SPRINGFIELD 3 OF CAL 
MASS 


Martin Jacobson @, a June 1950 


‘ ‘ 


graduate from Case Institute of Tect 
Tel. LOgon 5-746! 
For Pacific Northwest 
PACIFIC MACH 


ONN & TOOL STEEL CO 
Bridgeport 5.0159 Portland 14, Oregon 


DAYTON 2, OHIO Tel. East 2148 
Tel. ADoms 9063 
ATLANTA, GA 
Tel. Emerson 3716 
PACIFIC COAST 
Office & Warehouse 
SAN FRANCISCO 


nology, is now a welding researc} 
Battelle Memoria! Inst 
Ohio 


Tel. 6.7593 
BRIDGEPORT 3 CAMADA 
c 


SANDERSON 
NEWBOULD, LTO 
Montreal Toronto 


A. MILNE & co 


CAL ‘ 
Tel. SUtter 1.8200 for the 
num Div., in the 


gineer at 
Columbus, 
Allegheny 1.6152 
PHILA. 6, PA 
LOmbeard 3.5992 
N. BRITAIN, CONN 
Tel 3.4183 
CLEVELAND 5, O 
BRoadway |.3035 
SALES OFFICES 
ROCHESTER 4, N.Y 
Tel. BAker 1963 


William C. Long 38. formerly met 
Deleo Products Div., 


and member of the 


allurgist at Ger 
eral Motors Corp., 


A.5.M 
board, is 


Dayton Chapter executive 
sales tative 
Metals Co., Alum 


fice 


now represe! 


Reynolds 





Detroit 
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20... 


MENS 
strong 
welds! 


that’s the EVERDUR 
record with this 
water heater 


manufacturer. 


N 1928, Bauer & Company, Inc., Hartford, Conn 
| started using Everdur* Welding Rod and Everdur 
Sheet in water heater tank production 
and thev still do 

After all these years, they are more than ever 
convinced that Everdur Welding Rod is ideal for 
fast, dependable welding on this type of rh 

For Bauer we lds simply have to be de pendable 
bec use every Bauer Water Heater T unk 
guaranteed for 20 years 

While carbon-are welding is the method thev us« 
Everdur can be welded with Everdur Rod | ther 
st ! | rai té ' nd equiy ment 

Want more information? Write for Pub 
B-13 and E-13 ] NACONDA Welding 

tilable from distributors throug 
States. The mer un B iss Company 
( inect i nada: Anaconda 
Brass Ltd., New Toronto, Ontari 


% Weldin 
2. Car 
Vat 

/ 

3. 


you can depend on 


BRONZE WELDING RODS 
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OAL AYSRY dd pies gel 


process metallurgist for the research 
department of Chase Brass & Copper 
Co., has been appointed a tool and 
steel metallurgist for the Waterbury 


COOPER ALLOY ANNOUNCES apni apg 


James 8S. Sutterfield @ has beer 


COMPLETELY NEW CATALOG = seg Bagley irene aedign 
Wichita, Kan., 


from heat treater t« 


GIVES FULL DATA ON CORROSION RESISTING STAINLESS the inspection department 
STEEL VALVES, FITTINGS, ACCESSORIES east P. Ted @, whe vec sigue 


his M.Sc. from Carnegie Instituts 

Technology in June, has returned t« 
the physical metallurgy research lal 
oratories of the Department of Mines 
and Technical Surveys, Ottawa, Car 


ada, as metallurgica! engineer 


Earle Thall ©, who was with 
Ontario Research Foundation’s 
partment of engineering and m« 
lurgy, has joined the staff of 
University of Toronto as a lecturer ir 
metallurgy. 


Wm. K. Stamets, Jr... @ ha 
cently been appointed chief engi 


Enterprise Co., Columbiana, Ohio 


R. F. Thomson @, formerly ir 
development and research divisior 
International Nickel Co., Det: 
now associated with the Researct 
Laboratories Div., General Moto: 
Corp., as head of the metallurg 
department 

Arthur H. Tuthill ©, forme 
group leader in the equipment insp« 
tion department of Esso Standard O 
Co., is now engineering material 
sultant, engineering department, FE. | 
Du Pont de Nemours & Co., Ine., 
Wilmington, Del 
PLANNED to serve as a manual for all concerned with Kenneth T. Wilbur @, who 
purchasing, design or maintenance of corrosion-resisting ceived his Met. E. degree from 
equipment, Cooper Alloy's new 48-page catalog gives com- ecipytertmae | Ponaberenr cs easter ag a 
plete data on all standard Cooper Alloy products. It in- seiitieen Weak ot thie Meal Oates 
cludes engineering drawings, weights, dimensions, size Cincinnati, Ohio, as a metallurgica 
ranges, materials, corrosion data, nomenclature and design techniciar 
information. Catalog No. 52 also contains easy-to-read Jescep Stecl Co. announces th 
charts covering the corrosion resisting ratings of stainless transfer of E. Roy Wildeman @ to th 


‘ 


University of Cincinnati iv Aug 


alloys, applications and other related information position of district manage: 
England territory with offices in Hart 
ford, Com He had previously beer 
FREE — Write for it today. Your copy of the Cooper Alloy in the New York and Chicago offk 

Stainless Stee! Valves, Fittings and Accessories Catalog will be 
mailed to you immediately upon request R. T. Thurston @, who rece 


received his metallurgical engineer 














degree fror Massaclt 


The COOPER ALLOY Foundry Co leading producer 
of Stainless Steel VALVES ¢« FITTINGS « CASTINGS 


of Technology, 
assistant metallurgist 
Manganese St 


Brake Shoe ¢ 
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TYPICAL COMPOSITION 


APPLICATIONS 


TYPICAL COMPOSITION 


APPLICATIONS 





Aluminum. 
Silicon. 
Iron. . 


Used principally as a steel 
deoxidizer and for grain 
size control 





FERRO CHROMIUM 
High Carbon Grade 


Iron Foundry Grade 


Low Carbon Grades 


Chromium. ... 


Chromium... .. 
Carbon 
Silicon. 


Chromium. . ..67-72% 
Carbon. . .06%, .10%, 
J 5% . /e - he ‘ 
1.00% and 2.009% max. 


For wrought construc 
tional steels and steel and 
iron castings 


For alloyed cast irons 
Readily soluble as a ladle 
addition at the lower tem 
peratures of cast iron 


For low carbon chromium 
steels, especially those with 
high chromium content 

such as stainless and heat 

tesistant types 





FERRO SILICON 
25-30% Grade 


505% Grade 


75% Grade 


High Silicon Grades 
80-85« 


5% 


Silicon 


Silicon 74-79% 


Silicon 
Silicon. . 
Silicon 


Deoxidizer for open 
hearth steels; also for high 
siltcon, corrosion-resistant 
iron castings 

Used as a deoxidizer and 
for the addit f silicon 
to high sih eels, for 
springs, electrical sheets, 
etc. Pulverized form used 
as ladle addition to cast 
irons for content 
and graphitization control 
For high content 
steels, such as spring steels, 
sheets and forgings of high 
magnetic qualities for ele 
trical apparatus 

For high « silicon 
steels where small ladle ad 
ditions used for re 
quired silicon content. Als« 
for manufacture of hydro 
gen by reaction with caus 
tic soda and product 
magnesium by the 

process 


silicon 


silicon 


ntent 


are 





FERRO TITANIUM 
High Carbon Grade 


Medium Carbon 
Grade 


Low Carbon Grades 
20-25% Ti Grade 


40% Ti Grade 


Titanium 
Carbon 


Titanium 
Carbon 


17-21% 
3-4.50%, 


Titanium 
Carbon. ..max. 0.10% 
Silicon max. 4% 
Aluminum max. 3.50% 


20-25% 


Titanium 
Carbon. ..max. 0.10% 
Silicon max. 4% 
Aluminum. ..max. 8% 


38-436; 


Final ladle 
control 
and to clean effervescing 
steel. Final deoxidizer and 
scavenger for steel castings 
and fully killed ingot 


steels 


additi 
nmmng 


ym t 
action 


Often preferred to the 
High Carbon Grade as a 
final ladle addit: 


low carbon 


mto very 
ming 
effervescing steels 
Cartnde 
chrom 


rity 


stabilizer in high 
mm « romon resist 
ant steels of extremely low 
Deox 

me casting and 
forging steel 

Carbide stabilizer in high 
chror 


aluminum content 


dizer for s 


tum Corrosion -resist 


ant steels, where smaller 
ladle additions are desired 
ly low 


num content 


and extreme alumi 


seritial 





ALUMINUM 


Aluminum 85-99¢, 


For deoxidat nd grat 
ze contr 


1 of steel. (Ingot 
shot grair 





VANADIUM METAL 
90% Grade 
95% Grade 
99.7% Grade 


Vanadium 
Vanadium 
Vanadium 


FERRO VANADIUM 
tron Foundry Grade 


Grade “A” 
Open Hearth 


Grade “B” 
Crucible 


Grade “C” 
Primos 


Vanadiurn 33-42 
Silicon 7-11% 
Carbon about 14 


Vanadium 35-454 

50-555 
max. 7.50% 
max. 3.00% 


35-455, 
50-55¢ 
max. 3.50% 
max. 0.505( 


35-45% 
50-55% 
70-806 


Silicon 
Carbon 


Vanadium 
Silicon 
Carbon 


Vanadium 


Silicon 
Carbon 


we 
max. 1.25% 
max. 0.20% 


For iron foundry use. Im 
parts remarkable improve 
ment in physical properties 
with no sacrifice of machin 
ability; highly soluble 
suring complete diffuson 


For low percentage vana 
dium content of rolled 
forged or cast construc 
Also used in 


vanadium cast irons 


tional steels 
For tool steels and special 
high 
which required limits for 


vanadium steels in 


carbon and silicon are 


narrow 
For tool steels and special 
steels requiring high per 
centages of vanadium and 
how 


exceptionally carbon 


and mhoon content 





VANADIUM PENTOXIDE 


Technical Grade 
Fused Form 


Technical Grade 
Air Dried Form 


V,0,. . 88-92% 


V205 . 83-85% 


A source f 
basi 


steels 


vanadium 
electri 
A base 


vus chermic 


furnace 
for numer 
al compound 
A base for preparation 
numerous chemical con 


pounds atalysts, etc.) 





GRAINAL ALLOYS 
—— Grainal 
0. 


Vanadium Grainal 
No. 6 


Grainal No. 79 


Vanadium 
luminum 

Titanium 

Boron 


25.00% 
10.00% 
15.00% 

« 


Vanadium 
Aluminum 
Titanium 
Boron 
Aluminum 
Titanium 
Zirconium . 
Manganese 
Boron 
Silicon 


Practical and ex 


intensfhers f 


onomical 
r control 
and increasing the 

ity of steels to harder 

for umproving other 

portant engineering 
physical propertie 





GRAPHIDOX No. 4 


Silicon 
Titanium 
Calcium 


For gr 
ladle treatment ins 
free fr 


structure 


aphitization of 


normal graphite 
dentritu 
i I; efficsent inc 


ction of 


sces ch 
nt in prod 


rength iror 





V-FOUNDRY 


ALLOYS 
V-5 Grade 


V-7 Grade 


Chromium 
Silicon 
Manganese 


17-19% 
B-11% 


Chromium 
Silicon 
Manganese 


28-32% 
15-21% 
14-16% 


Used } cast irons 
ludle addition 
chill, prom 
fs ’ 


ture 


tes unto 


strength and he 
See abvve 





BRIQUETTES 


Ferro Chromium 


Ferro Silicon 


Hexagonal. Weigh ap- 
prox. 3% Ib. and con- 
tain 2 |b. of chromium. 
Two sizes, both cylin- 
drical, one containing 
1 tb. of silicon; the 
other, 2 Ib. of silicon. 


4 practical and convenient 
form for adding fer: 
ys to the cupola 





MISCELLANEOUS 


Special ferro-alloys, 
metals, chemicals and 
carbides. 





VANADIUM CORPORATION OF AMERICA 


420 LEXINGTON AVENUE, NEW YORK 


17, N.Y. DETROIT CHICAGO CLEVELAND PITTSBURGH 








Kemp Immersion Pots are available 
in all sizes. Shown here is a 44° 
Pot, Capacity: 10,000 Ibs., casting 
rate: two tons per hour! 








How immersion heating, developed by KEMP, 
assures low fuel costs and faster heating 


for both large and small melting units. 


For maximum economy in melting 


soft metals, lead, pewter, tin or 
salt—install modern Kemp Immersion 
Heating! Actual cases prove that Kemp 
Immersion Heating cuts fuel bills up to 
10°; and more. Provides rapid heat re 
covery in % the time assures the 
high thermal efficiency for both large 
and amall units! 


POSITIVE HEAT CONTROL 


Replace conventional heating or melt 
ing equipment with modern, efficient 
Kemp Immersion Pots and save money 
There's no brickwork to steal heat . . . 


no external combustion chamber . . . no 


carbon monoxide no temperature 
overrun. You get Aigh melting rates, 
reduced dross formation, speed of 
temperature recovery after adding cold 
PLUS an estimated fuel 


saving of up to 40°) and more! 


SEND FOR DETAILS 


The Kemp Carburetor, part of each 


materials 


installation iIssures complete com 
bustion with no waste. One-pipe air 
and fuel feed reduces installation costs 
simplifies maintenance. Get the facts 
Find out how much you can save. Fill 
out and mail coupon for Bulletin 


IE-11 today! 


? IMMERSION MELTING POTS 
A THE Cc. M. KEMP MFG. CO., Dept. D-12 


OF BALTIMORE 
| 


CARBURETORS | 
BURNERS | Nome 
FIRE CHECKS | 


ATMOSPHERE & INERT GAS 
GENERATORS 


ADSORPTIVE DRYERS 
METAL MELTING UNITS 
SINGEING EQUIPMENT 
SPECIAL EQUIPMENT 


| Company 


| Address 


405 E. Oliver St., Baltimore 2, Md. 


Gentlemen: Please send me Information Bulletin IE-11. 
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Personals 





Tracy ©. Jarrett @ has been ap 
pointed midwest representative for C 
I. Hayes, Inc., Providence, R. | 

Jarrett was previously manager of 
the engineering and research depart 


, Koppers 


ment of the Piston Ring Div 
Co., Baltimore, Md 


T. B. Jefferson @, editor of Weld 
ng Engineer and the “Welding Ency 
clopedia”, has been appointed to the 
Welding 
stitute at the Milwaukee School of 


advisory committee of the 


ly 
Engineering 


Carl A. Keyser @ has been pro 
moted from assistant professor to 
associate professor of metallurgical 
engineering, University of Massachu 


setts 


Ira S. Latimer @, formerly with 
the Plymouth Steel Co., has beet ap 
pointed Detroit representative 
for Industrial F & Steel, In 


anton, Ohio. 


William E. L. Smith @, who grad 
from \V i ‘ 


in June, 


plant 


W. J. Lawler ~ ] has recently joinec 
the plant metallurgical staff of Kaiser 


Aluminum & 
vood, Wash 


Chemical Co., Trent 


Paul E. Crafton @ has’ beer 
cently appointed Chattanooga, Ter 
district sale engineer for the F. J 
Evar Engineering Co., and will sel 
Surface Combustion Corp. and Web 
ter Engineering Co 


product 


Henry E. Frankel @, former! 
mployed by the Metals Research Lal 
wvatory of Carnegie Institute of Tech 

now with the Naval Researc} 


. Washington, DD. ¢ 
Harold M. Gordon @ 
ently employed by the 
a a ipervi 
Falls, Quebec, plat 
William ( 


tainless teel 


Greenleaf @ 
metallurg 


Ludlum Steel Cor 


Charles Grel 





(() Furnaces, Too... 


Built with INCONEL for long life at high temperatures 


igo. the Electric Furnace ( omp i standard metal for extreme high heat ap 


enes ot tests to discover the best possible metal 


ner tubes in their gas-fired radiant neonel’s outstanding perform nee record long igo 


stablished it as one of the most durable high-t mpera 


ind is still a winner, today, in the hottest ture metals available to designers 


recuperatiy iant tubes. in several 1 ahly resistant to cle structive oxidation, Inconel main 


rood properties it temperatures up to 2200 F 


service assured b 1 n Inconel are as heat- and corrosion-resistant as 


mportant design features te thy v itsell 


tubes that are removabl The Electric Furnace ( OMpaly $25 Wilson St Salem 


g... increased burner effi Ohio, will be glad to answer your inquiries concerning 
heated air more compact tubs furnaces tor ans process product or production 
mg over entire th bn length If vou would like more miormation rbout Inconel 


I rake rs ot h gh ter per ituire rect bie Ip with vo W high tes per iture equipine rit prob 


ice Company ha adopte 


| rite lirect] to Inco 


a THE INTERNATIONAL NICKEL COMPANY, INC, 
A 


67 Wall Street, New York 5, N.Y 
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This is 
STAINLESS PLATE 


PATTERN CUT 


by G. 0. CARLSON ,INC. 


High Speed powder cutting equipment developed by G. O. 
Carlson, Inc., makes even odd-shaped plates like these a routine 


operation in our plant. 


Perhaps you, like so many of our customers, would prefer to 
specify Carlson stainless plates delivered cut to pattern. Working 
from your prints, templates, or even a rough sketch we are able 
to lay out and produce the job with the most economical use of 
material, In addition, freight charges are held to a minimum and 


the plates are received ready for finish machining 


Send your next order to G. O. Carlson, Inc.—Stainless steels 
of chemical quality in all analyses are our only business . take 


advantage of our specialization . . . it pays. 


CARLSON, wc. 


Stainless Steels Exclusively 
300 Marshalton Road, Thorndale, Pa. 
PLATES « FORGINGS « BILLETS « BARS « SHEETS (No. 1 Finish) 


District Sales Otfices and Warehouse Distributors in Principa! Cities 
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Personals 








Armour Research Foundation of 
Illinois Institute of Technology an 
nounces the appointment of Walter C. 
Troy @ as assistant chairman of the 
metals research department. Mr. Troy 
has been with the foundation since 
1947. 

Battelle Memorial Institute ar 
nounces the appointment of Godfrey 
B. Grable @ to its welding research 
staff. Mr. Grable was formerly asso 
ciated with the Bureau of Ships, the 
Bureau of Aeronautics and the A. O 
Smith Corp. 


Wyandotte Chemicals Corp., Wya 
dotte, Mich., announces that Sidney 
Grandy © has joined its sales staff 
and will have his headquarters ir 
Atlanta, Ga. 


Frank A. Hamilton © has recently 
been appointed acting tire and forge 
plant superintendent of Commonwealt! 
Steel Co., Ltd., Waratah, Australia 
He was formerly a technical represe 


tative in the company’s Sydney office 


W. A. Hammer @. formerly pla 
metallurgist for St. Louis plant of 
Lindberg Steel Treating Co., has beer 
appointed plant metallurgical engineer 
at the Houston, Tex., plant of Emsco 
Derrick & Equipment Co 


William M. Harris ©, wh« 
his B.S. from M 
Mines and 
been appoit 
department 


at thi chool 


Gilliland @ ha 


of chemistry 


r gradua 
ouri School of Mine 
John W. Gilmore @ be 
ploved by the Howell Fou 


Stephen L. Scheier @ 
forging iperintender f 
Bolt & Forgi 

position 

storn 


Ma 











DUAL METAL ROLLS 


Centrifugally cast dual metal roll shells have 
found wide acceptance with equipment builders 
who use chilled iron rolls for grinding or proc 

ing such commodities as ink, paint, pigments, 
chocolate, paper, flour, cereals and soap. 


One of these equipment builders is the J. M. 
Lehmann Company, Inc. of Lyndhurst, New 
Jersey, who has standardized on our centrifugally 
cast dual metal chilled iron-gray iron rolls for 
their soap, ink and chocolate mills which they 
identify as “CDM” Rolls (centrifugally cast dual 
metal). a Lehmann trademark. 


Utilizing centrifugal force and temperature, 
our dual metal casting process makes possible the 
production of grinding and processing rolls re- 
quiring a hard outer shell of white iron for the 
wearing surface and a soft, readily machinable 
gray iron core to facilitate the insertion of driving 
shafts. These two dissimilar metals are cast sepa- 
rately but are metallurgically bonded so as to 
provide an accurately controlled and uniform 
chill depth and also uniform hardness in both the 
hard outer shell and the soft gray iron core. 


U.S. PIPE AND 


SPECIAL PRODUCTS DIVISION 


AMERICA’S LARGEST PRODUCER OF CENTRIFUGALLY 


A number ot two-metal cylindrically shaped 
combinations are now being made for equipment 
manufacturers who require metallic structures 
which have two working surfaces and where per- 
formance requi “nts imposed on these surfaces 
are quite dissimilar. 


FOUNDRY CO. 


BURLINGTON, NEW JERSEY 


CAST FERROUS METAL PRODUCTS IW TUBULAR FORM 








yVeleyisl-ta 


IRCOS 








development in 
‘ LOW HYDROGEN 
ELECTRODES 


The ABC'S of Welding 
High Tensile Steels 


Write for “The ABC's of Welding 
High Tensile Steels’’ for helpful, techn 
u cally accurate, but easy-to-read information that 
Oo shows the way to better welding results 


—~ WELD 
WITH 


eR 


Specialists in Stainless, Low Alloy and Non-Ferrous Electrodes 
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Hot Working ot 
Tin Bronzes* 





THE AUTHOR has examined the 

influence of various factors on 
the hot working of phosphorized tin 
bronzes. Both theoretical and com 
mercial aspects are considered, and 
presentation is based on a review 
of publications plus personal obser- 
vations. Five diagrams and thirteen 
references are cited and used in 
discussion. 

Until the late 1920's there is no 
reference of importance to the hot 
working of phosphor-tin bronzes, a 
though some companies were doing 
it with alloys containing less than 
3° tin. More recently the work of 
Lepp, Pell-Walpole, Chadwick and 
others has indicated the importance 
of porosity, tin sweat and impurities 
on working properties 

Phe copper-tin equilibrium dia 
gram reveals no reason for difficulty 
in hot rolling, at about 700° C., up 
to about 15° tin, but the alpha 
phase appears to lose ductility with 
increasing temperature and the ad 
dition of phosphorus produces a 
liquid phase at temperatures around 
bov'C., varying with the amount of 
tin and phosphorus. The latter must 
be kept low for hot working, which 
is difficult for the above reasons 

High-grade « opper of at least 
99.92 assay should be used, and tin 
selected with particular care. Marked 
improvements have resulted from 
the use of Chempur tin. By analogy 
to phosphorus-deoxidized nonarsen 
ical copper it is reasoned that phos 
phorus-deoxidized tin) bronze wi 
crack up in hot rolling if lead 
exceeds 0.02 or bismuth 0.0015 
Antimony would also have an effect 
No limits for these impurities have 
been published for tin bronze but 
itis unlikely that the addition of tin 
to copper would remove their ¢ 
brittling effects 

It is suguested that, when con 
ditions of casting are such that pre 
nounced tin sweat occurs, lead 
bismuth, antimony or other impuri 
ties may be carried along with the 
low-melting copper-tin phase is 
ternary or quaternary eutectics, and 
settle intergranularly near the sur 
face. Hence, gas-free castings wil 
uit porosity of any sort are less 
sensitive to impurities 1 

*Abstracted fron 


r of Tin Bronze 


. . 
Showell, Journa 


(London), Vol. 76 





Engineering knowledge, tooling, and production 
know-how, coupled with the most modern 
equipment available, are what it takes to pro- 
duce quality parts made from metal powders- 
and Moraine has all these in full measure. 
Naturally, we seek your order, provided we 
are convinced that the metal powder process 
will work to your advantage—in lowered costs 


and better performance. 


Ask Moraine whether parts you are using can 
advantageously be produced by powder metal- 
lurgy. We'll gladly accept your order- 


13 the shape of the part permits good dic 


fill and correct density ... 


s\ 3 its required physical properties and 
tolerances can be obtained by our 
normal production methods .. . and 


¥ it is to be made in quantities sufficient 
to justily tooling costs, set-up, ind 


equipment loading. 


Those are the three big IF's . and here's 
another just as imporiant: IF we accept your 
order, you can be sure, in advance of delivery 
that Moraine parts will justify your interest 
and may reduce your manufacturing costs 


MORAINE PRODUCTS 


DIVISION OF GENERAL MOTORS 
DAYTON, OHIO 
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to test them! 


Brand new contract? Change in plans? 
Whatever it may be, if “ROCKWELL” 
hardness is specified—the quickest, 
easiest, absolutely accurate test for it 
is with a Wilson “ROCKWELL” Hard- 
ness Tester. 


The “RocKwELL” HARDNESS TESTER 
brings dependable accuracy to your 
application. It is extremely well made. 
Easy to use. Test readings are quick 
and exact. With a “ROCKWELL” Tester, 
even unskilled help can handle your 
hardness testing. 

WILson FIeLp SERVICE ENGINEERS 
will study your hardness testing prob- « a 
lem and recommend the exact equip- ROCKWELL 
ment it requires. Assure yourself of the ee = 
best—SPECIFY WILSON EQUIPMENT— | Made Only by Wilson 
the universal standard of hardness bial: ; 
testing. 


uwauu”  Siperficial 


HARDNESS TESTER — especially suited for test - 
ing thin material, nitrided or lightly car- 
burized steel and areas too small for regular 
“ROCKWELL” Hardness Tests. Depth of in- 
dentation .005”" or less. Satisfactory for 
general testing where surfaces are smooth 
and materials homogeneous. 








TUKON for micro-indentation hard- 


ness testing with either Knoop 
or 136° Diamond Pyramid Indenter. Made 
in 3 models to cover the full range of 
Micro and Macro Hardness testing with 
loads from 1 to 50,000 grams. 





—_—_ _____. ACCESSORIES 


‘BRALE” is the only diamond indenter made to Wilson's 
precision standards. ¢ TEST BLOCKS—enable you to keep 

your instrument “Laboratory” accurate. ¢ EQUITRON 
fixture provides means for accurately positioning test samples. ¢ 
ADAPTER — permits testing inner cylindrical surfaces with unim- 
paired accuracy. © WORK SUPPORTS —facilitate testing of vari- 
ously shaped rod stock, tubing or irregular shapes. 





FOR DETAILED INFORMATION WRITE 


WILSON MECHANICAL INSTRUMENT CO., INC. 


AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC. 2] 
230-F PARK AVENUE, NEW YORK 17,N. Y = 


Acco 
on 
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flot Working of 
Tin Bronzes 





(Cont, from p. 890) rhis hypoth 
esis requires more work, but there 
is evidence to confirm it. Degassing 
the melt, followed by slow pouring, 
calculated to prevent tin sweat, pro- 
duces a bronze that is sounder and 
more easily worked than that on 
which tin sweat occurs. 

Chadwick has investigated the hot 
forging of small cylinders —a very 
severe test because the metal is un- 
supported. Using sound, degassed 
metal, charts indicate the range 
from 0 to 0.5% phosphorus, from 
0 to 30% tin. With 0.10% phospho 
rus, up to 6% tin, reasonable forging 
was possible up to 800°C. From 
about 6 to 13% tin, the metal tended 
to crack above 350 to 400°C. From 
20 to 30% tin, bronze was very 
tough in a rather narrow tempera 
ture range near 650°C., although 
unworkable cold. With 0.5% phos 
phorus, all bronzes with more than 
about 3° tin cracked above about 
400° C. 

Hot rolling of 1% tin bronze, 
with a trace of deoxidant, is easy up 
to 80°C., and 5% tin with 0.05° 
phosphorus rolls satisfactorily at 
600 to 650° C. The upper temperature 
limit is important and should not be 
exceeded. If overheated and cooled 
before hot rolling, cracking will re 
sult. Vertical castings up to 3 tons 
with 7% tin and 0.10° phosphorus 
can be hot rolled with light reduc 
tions down to black temperature 
On reheating, temperature can be 
increased to 650 or 700° C. Soaking at 
hot working temperature is always 
desirable. 

Extrusion is commercial with 
bronzes up to &% tin and 0.25 
phosphorus, The extrusion rate must 
be slow, and the operation depends 
on the power of the press and the 
size of the product. The temperature 
range is narrow, being limited on 
the upper side by that at which the 
metal crumbles on emerging from 
the die, and on the lower side by 
that at which the pressure required 
is greater than available 

Abstracter’s Remarks Phere is 
little in this work with which one 
can disagree. The degassing process 
and any measures to minimize in 
verse segregation are, beyond ques 
tion, beneficial to hot (or cold) 
rolling properties. But I think it 
doubtful if all the gas is ever re 
moved, or that (Ends on p. 89% 





SINTERING FURNACES 


help cut costs of parts 60 to 90% 


aT | , mi = on 
oa : - L weal at, y eta H 
—) 


" 


a 


A 


‘ A [ . — 
LC) 


AS REPORTED BY... 


P. V. Schneider, Chief Metallurgist 
Powdered Metal Products Corp. of America a 
Franklin Park, Illinois To help you turn out better products, faster, and at 
lower cost, General Electric offers a complete line 
of electric furnaces and associated equipment, 
) temperature throughout the heating zone including atmosphere producers, induction heaters, 
- small heaters and heating devices. Contact the G-E 
¢ to sinter many intricate parts which Sales Office nearest you or write: Apparatus Depart- 
required machining— with production ment, General Electric Company, Schenectady 5, N. Y. 


from 60 to 90 per cent! 


‘*Because our G-E sintering furnaces give uni 


mple, our G-E sintering furnaces helped 
tion Costs on gear pawls by 60 per 


on governor weights by 90 per cent 


FURNACES 
Drawing 
Hardening 


t, we're well pleased with the perform- LE cT R 8 oti 
. r 
4 our G-E furnaces, which have been in Annealing eling 
vice since 1948 Corbet izing t * 
nizing 


Normalizing Sintering 





GENERAL (6) ELECTRIC 
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New Aircomatic Welding process 
ermits building lighter 
coal truck... 
with more payload 





Hot Working of 
Tin Bronzes 











WVARION METAL PROD- 
UCTS CO., of Marion, Ohio 
wanted to produce a sturdy 
lishter-weight coal truck body 

w aluminum. However, they 
were somewhat unfamiliar with 


1 suitable aluminum welding 


technique that would hold up 
under the slam-bang wear this 
ent would meet 


arles uno ynolds Metal Com ight permitted the loading of one 


pany's welding specialist, and Dana V more ton of coal a payload increase 


tk SCS scrTvice 


nterested in a fast and 
| etfort of fabricating 
m aluminum, alumi 
nless and 

iy you to in 

ft Aircomatic 

ce or a copy 

bulletin 


near 


=) = 
Airco) AIR REDUCTION 


Offices in Principal Cities 
TECHNICAL SALES SERVICE— ANOTHER AIRCO PLUS-VALUE FOR CUSTOMERS 
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(Starts p. 890) inverse segregation 
is ever entirely prevented. The in 
fluence of impurities is also acknow!l- 
edged to be important and, for hot 
rolling, | would place the limit of 
tolerance for lead at something less 
than 0.01%, rather than 0.02%. 
When all is said, the bare fact 
emerges that the phosphor bronzes 
in the upper alpha range are not 
very good hot working alloys. They 
can be extruded, that being the sim- 
plest form of hot work. Up to about 
3° tin, they can be hot strip rolled 
readily enough and, with increasing 
difficulty, up to 5 or 6% tin. But 
the alloys between 5 and 10% tin 
are important to the rolling mill 
and no amount of metallurgical leg- 
erdemain has yet succeeded in mak- 
ing this a really good, commercial, 
hot rolling range. To do so would 
be an epochal accomplishment. 
Danie. R. Huu 





A Britisher 
Comments on 
American W elding* 








TEAMS of British businessmen, 

foremen and labor leaders from 
this, that or the other industry have 
been brought to the United States 
by the Economic Cooperation Ad 
ministration, to study our methods 
of manufacture and sale. On re 
turning home from their inspection 
trips, these teams prepare reports 
for general circulation giving their 
impressions and recommendations. 
This report by Mr. Simmie is of 
such a nature, and compares cur- 
rent practices in England and 
America in the welding of mild 
steel by resistance methods, It ap 
plies primarily to the automotive 
industry but also includes some ref 
erences to the manufacture of do 
mestic appliances. 

It is estimated that demand for 
resistance welding equipment in 


America is probably (To p. 896) 


*Abstract of “The Resistance 
Welding of Mild Steel Sheet”, by W 
S. Simmie, Journal of the American 
Welding Society, August 1950, p 
651-654. 





I, medieval times, a coat-of-arms had an import 


ance that could not be overestimated. It was 
granted as a personal badge, signifying the attri 
butes and acc omplishments of its proprietor and 
as such was respected thruout the civilized world 
It had no duplicate. 


In turn, the emblem imposed upon its owner a 
responsibility for maintaining an enviable reputa 
tion—a condition which stimulated general con 
fidence in him. 


The 


sense of sarc tity of an emblem is prevalent today as 


Times have changed, but not all things 


it was hundreds of years ago. That is why we take 
such pride in our trademark: NICHROME 


It is evidence of our accomplishment; our unique, 
personal hadge Granted 


solely and wholly to us by the United States Patent 


respected everywhere 


Office over forty years ago, it symbolizes a series of 
superb electrical heat and corrosion-resistant alloys 
(developed and produced only by Driver-Harris 
Company) which toclay is serving industry all over 
the world 


Yes, there are other excellent heat and corrosion 
resistant alloys, but only one NICHROME—the 
product of exclusive Driver-Harris knowledge and 
techniques. 


We are well aware of our obligation to maintain 
its reputation, both here and abroad In fac t, such 
obligation is an inspiration to give of our best 


now, tomorrow, and always 


Nichrome* is manuf | 


Driver-Harris Company 


HARRISON, NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, Los Angel 





Sen F 


Manufactured and sold in Canede by 
The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canode 


*T.M. Registered in United States Patent Office by Driver-Harris Company August, 1908 
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For New Resistance Welding 





RELIABILITY 


Apparatus (Starts on p. 894) ten times that 
Y in Britain, and this results in larger 


in Laborator 


arvice 
ing 





longe’ funds being available for research 


ist 
saristy and development. One result is the 


more 
American development of three 
phase resistance welding equipmen 
and “slope control” of the ampli 
tude of the welding current wave 
which is of considerable interest 
to British users of resistance weld 
ing because of their limitations of 
power supply. During the past few 
years governmental assistance t 
British research associations has 
helped to encourage developments 

Large, multiple spot welders 
and automatic seam welding ma 
chines, commonly used in America, 
are now being introduced in Brit 
ain. Previously the use of such 
equipment has been very limited 
because of low production demands 
and lack of adequate power supply 
for this type of load 

In Britain much study has been 
devoted to the factors affecting uni 








formity of strength of spot welds in 
order to obtain consistency and 
conserve on the number of spot 
welds required to meet design 
requirements 

British automotive manufactur 
ers have endeavored to maintain a 
consistent spot weld strength with 
a specified minimum weld pitch 
value (spacing) in production by 

l Using interlocking devices 


PRECISION Submerged-Specimen Cutter avoids in the control system of the weld 
need for intermediate polishing. Slow-speed cutting ing machine 


, 


2. Controlling electrode tip size 
edge and rigidly-gripped specimen are totally under 3. Eliminating automatic _ re 


water, exclusively avoiding burr and burn. Compact peat operations. 

‘ ‘ : . The use of interlocking devices 
self-contained unit, semi-automatic, frees skilled opera- 
facilitates automatic functioning of 
tor; faster, easier, lower cost results. Bulletin 5-772 the 


NAT ON I COE 


welding control system and pre 
vents interference by the operator 
during the weld cycle, but tends to 
Slow down the speed of welding 
On air-operated machines this re 
duction in speed can be minimized 
©8000 008O8HHOSHHHOECO by locating the main exhaust valve 
Your work con be easier, surer, more economical Order fram gout ciose to the main operating air cyl 
with the appropriate Precision apparatus —'‘utility’ — y wow! indet In some American installa 
items to highly specialized instruments. Whatever ——— r tions the author observed that this 
your need for reph: or addition to your labo- 
ratory, choose from our 3,000 proved products . . . 





or write us for details on interlocking control was incorpo 
above of your individuol rated in the weld timer mechanisn 
problem today and the speed of operation could 


@eeeeeeeoeeeeeeoeeeees be 


Stat was often set al zer to obtan 


varied by a rheostat The rheo 


naximum speed; thus it appeared 


Precision Scientific Company _{ 1.20% ss oF se we bon 


disregarded 





3737 W CORTLAND STREET—CHICAGO 47 More attention is paid by us t 
* the electrode tip diameter How 
FINEST Research and Production Control Apparatus ever, workmen in some America 





NEW YORK © PHILADELPHIA + ST LOUIS * HOUSTON + SAN FRANCISCO factories frequently p. 398 
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STEWART INDUSTRIAL 


TURBO 
The first Spencer Turbo was in- , COMPRESSORS 


stalled in 1917. Many of the early § 
machines are still in service. A few 
of the equipment manufacturers 
that have used Spencers consis- 
tently (see dates) for many years 
ore represented on this page. 


= 1929 


SALEM ENGINEERING CO 


we 


ee 


INDUSTRIAL HEATING EQUIPMENT (0 
Ay 


/ / 
‘a PENNSYLVANIA INDUSTRIAL ENGINEERS 


W. S. ROCKWELL COMPANY 2 


\ 
~ 


“beta 


Standard sizes from 35 to 20,000 cu. ft.; 4 to 800 HP; ez 
8 oz. to 10 Ibs. Single or multi-stage, two or four bearing j 

Special gas-tight and non-corrosive consruction available. 19 0) _ 
Special Spencer Bulletins are available as follows: Data, 

No. 107, Gas Boosters, No. 109, Four Bearing, No. 110, 


Blast Gates, No. 122, Foundries, No. 112 and the General ' 
Bulletin is No. 126. ont, 


“hl 


ELECTRIC FURNACE CO 
THE SPENCER TURBINE COMPANY * HARTFORD 6 CONNECTICUT 
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1MOUNATG. 
2 more BLAZECRETE 


Hydraulic-setting 


REFRACTORIES 


These 2 new refractories, with the famous 3X Blazecrete, 
cover the range of industrial requirements for new furnace 
construction and many maintenance uses. 


To team up with the highly successful 3X BLAZECRETE 
Johns-Manville has developed these 2 new refractories 
with many similar characteristics but designed for lower 
temperature applications. Like 3X Blazecrete they too, 
can be flipped into place and troweled smooth without 
ramming or tamping . .. or can be gunned. 


| SGandlard wozecrere (222, 


For building and repairing old refractory linings. Makes 
brick work repair easier and less costly than using “Plas- 
tics.” For use by boiler manufacturers to replace fire clay 
tile in wall construction. Does not require prefiring. 


Eg LW BLAZECRETE (20°) 


A low conductivity refractory concrete for use in building 
new linings and repairing old. Its light weight makes it 
adaptable and economical for many applications. 


Mow famoud 3X BLAZECRETE (20+) 


Unusually effective for heavy patching, especially where 
brickwork is spalled or deeply eroded. Excellent for re- 
pairing forge furnace linings, burner blocks and lining 
ladles in ferrous and non-ferrous foundries. 

. . . 
Blazecrete produtts harden after only 6 hours of air curing... 
can then be fired or left standing indefinitely. Come dry in 


100-Ib. bags. Unmixed portions can be stored for future use. 
Approximately 140 Ib. per cu. ft. of each is needed 


for slap-troweling; 155-lb. per cu. ft. for gunning. J 
Write Johns-Manville, Box 290, N.Y. 16, N. ¥ . M4 


Johns-Manville 


BLAZECRETE REFRACTORIES 


for patching and gunning 
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Resistance Welding 





(Starts on p. 894%) redress the tips 
with a standard file In Britain 
several types of tip dressing tools 
are available. One of the most re 
cent, consisting of two files fixed in 
a holder at a specified angle, is ap- 
proved, since it avoids excessive 
waste of the tip material. 

Some British factories have dis 
carded controls which cause the 
welding unit to repeat the spot 
welding cycle The operator can 
then place the welding unit and 
the weld so as to obtain proper 
weld spacing. High production 
speeds can still be maintained with 
out these automatic control features. 

The method of spot welding 
known as “poke welding” is rarely 
used in Britain, although it is in 
some American factories. The Brit 
ish regard it as unsatisfactory be 
cause of the variable weld strength 
obtainable and lack of adequate 
control. 

Where a spot weld must be made 
with a minimum of metal disturb 
ince or indentation on the surface 
of one member, this is termed 
“face welding” in British parlance. 
Sometimes it avoids finishing ope 
ations. It is accomplished by the 
use of chromium-copper buttons 
installed at desired intervals in the 
assembly jigs. These buttons, which 
are readily replaceable, have a blind 
hole drilled in the lower face to 
locate the lower welding electrods 
tip; the top face of the button, usu 
ally flat, has a relatively large area 
of contact with the member surface 
which must not be marred by the 
weld. No comment is offered with 
reference to American practice in 
this respect. 

In face welding thin steel sheet 
to thick steel frames, a series of 
holes is punched in the thick frame 
it the desired spot weld locations 
Into these holes are inserted steel 
buttons of thin-gage sheet, which 
have a flanged skirt around their 
rin This flanged skirt is spot 
welded to the thick member Then 
the outer thin sheet is applied to 
the steel frame and face welded to 
the thin steel buttons. This pro 
cedure avoids concentration of the 
welding current through the thick 
member 

For priming the metal surfaces 
of spot welded members to obtain 
an efficient protective coating, a 
new type of paint has been devel 
oped in Britain (Cont. on p 10 





Wile 


Oe ey 


what’s all this talk 


In the metai-finishing and metal-pro 
ducing industries, Crucible Stainless 
finds wide application because of its 
ease of handling and fabrication. 


* TOOL + ALLOY 


about stainless steel 





eam lt 


Technical ind business papers ire full of articles pomnting 
out new uses for stainless steels. The many friends of 
stainless are apt to overn lulve in its praise... no matter 


what the ipplication might be. 


Crucible. a pioneer in the development of this specialty 
steel, is well aware that stainless will live up to its reputa- 
tion only when the right stainless analysis is used. That's 
why Crucible offers the services of a staff of metallurgists 


to help you apply stainless to your application. 


These engineers and metallurgists are freely available 
to you. One word from you puts a background of fifty 
years of specialty steel | idership at your service, CRUCIBLE 


STEEL COMPANY OF AMEKICA, Chrysler Building, New York 


17, N. Y. 


first name in special purpose steels 


STAINLESS SHEET AND STRIP 


* MACHINERY + SPECIAL PURPOSE 
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Resistance Welding 





(Starts p. 894) This paint contains 
zine dust in suspension. When dry 
this paint does not interfere with 
subsequent spot welding of the sur 
face it covers 

Solder is used in Britain for 
filling welded seams to obtain a 
smooth surface for finishing. More 
recently, metal spraying of zine was 
introduced for welded butt joints. 
Zine is sprayed after all straighten 
ing operations are completed and 
the line of weld to be sprayed has 
been shot blasted A final disking 
operation completes the process. It 
is reported that American practice 
involves Heliare welding in which 
the weld may be peened flat and so 
avoids the use of any filling metal 
in the joint. 

The author states that “the auto 
mobile industry is the largest user 
of resistance welding equipment in 
Britain and the introduction of the 
unitary-chassis body construction 
has been largely responsible for the 
demand for a higher standard of 
consistency and uniformity of weld 
strength. This ‘quality’ spot weld 
ing is now widely used in Britain 
In America it has been introduced 
in some factories but, generally 
speaking, it does not appear to be 
used on such a large scale.” 

Winuiam L. Wanner 





Creep of Copper’ 





SEVERAL. theoretical questions of 

importance remain unanswered 
in the mechanism of creep that is 
the gradual slow extension of metal 
under moderate tensile stress when 
at somewhat elevated temperature 
Some of these questions center in 
the relations between the strain 
hardening caused by the plastic 
extension, the “recovery and the 
changes in microstructure that occur 
during the different stages of cree] 
The supposed mechanism involves 
discontinuities in the extensix ver 
sus time curve. That is, there should 
be a delay in time while relaxation 
proceeds until sufficient stress i 
concentrated in ‘ 

*Abstract from “Cres 
Purity Copper”, by W ) 
and T. G. Diggs Nationa 
of Standards Research P 





HIGH TEMPERATURES 


2000°F. TO 2600° F. 


are easily maintained 


in the NEW 


HEVI DUTY 
G-05-PT 


LABORATORY 
FURNACES 


Use the G-05-PT electric furnace for heating metals and alloys, 
ceramic firing, hardening tool steel, ash determinations, and 
general laboratory work. 


Heating elements are silicon carbide bars extending above 
and below the refractory muffle. The muffle may be sealed to 
permit the use of an externally prepared atmosphere. 


Write for Bulletin LAB-250 or SEE 
YOUR LABORATORY SUPPLY DEALER. 


a, f — 
ed . 


ae z | ( ps 4 2 o> 
> wo fOoL- a8 aN 


Instruments and Controls Operate Improved insulation Design with 48 Steps of Contro! Through « Hevi instruments Easily Accessible 
at Approximately Room Temper ature Mimenem of Radiation Loss Duty Tap Changing Transformer Through Removable Panels 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVIeBUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 





December, 1950; Page 901 





A COMPLETE LINE OF 


PRECISION INSTRUMENTS | ‘reer of Copper 








(From p. 900) other regions to re 
initiate flow. The periods of time 
during which the test specimen un- 
dergoes no appreciable extension or 
actually contracts (negative creep) 
should be readily detectable in pre 
cision testing. 

Such discontinuities were actu 
ally observed in previous creep 
tests made on ingot iron (a strain 
aging material) and in some current 
tests on high-purity copper 

These discontinuities and their 


NEW Uv DESK-TYPE > ; importance varied not only with the 
METALLOGRAPH temperature and stress, but also with 


the progress of the test, being more 
prominent in the second (uniform) 
Stage of creep than in either the 
first or third stage. The metallic 
structure continually changes; the 
parent grains broke down into sub- 


Years ahead in simplicity and 
ease of operation. Perform 
every operation while sitting 
comfortably at a modern desk 

compose the picture on a 
screen directly in front of you . . . focus camera automatically while examining spect crystals, some of which were of 
men through the microscope take notes, change magnification, adjust the lamp, make microscopic dimensions. The extent 
the exposure--all with unbelievable speed, ease, and precision. Other features: monocular to which the substructure was 
or binocular bodies, revolving objective turret, two lamps— visual and photographic, formed also varied with test condi- 
tions; the trend was for the size of 


@ spencer METALLURGICAL MICROSCOPES these secondary crystals to increase 


with an increase in temperature and 


“autofocus’’ coarse adjustment stop 


From this complete line of Spencer Metallurgical Microscopes you 


with a decrease in strain rate. 
can select an instrument that exactly meers your needs. H 
Strain markings were evident in all 
some of the many outstanding features for conve 
in Operation fractured specimens 
Formation of cracks of micro 
@ Americote Optics ¢iim: ce added 
contrast scopic dimensions often accompanied 
; but was not necessarily a prerequi- 
@ Wide Range Adjustable Stage handics unusu rg oll 1 
or small specimens site for the initiation of the third 


Stage of creep in the high-purity 





@ Lorge, Sturdy, Research-Type Stand wit) 
screw fine adjustment terchangeable body tut copper. Positions at which these 


@ Brilliant, Uniform Miuminetion fron cracks were nucleated and their 


ator that is simple to operate, sturdy salu subsequent growth were affected by 


t 
enough to handle the test temperatures and strain 
@ Variety of Equipment for teaching, rou ni rates. Sometimes cracks started neat 


tions, and research the axis of the test specimen; in 


yg spencer STEREOSCOPIC MICROSCOPES song tat neg pocmeny commenced 
Two distir ivantages are offered by th . 


1. The 
Th 





Radioactive Sodium 
asa Metallurgical 
Tracer 
bw spencer BIERBAUM MICROCHARACTER 


This ts a precision instrument for deterr 1g I iness of sma 





microscopic constituents in metals. A highly polishe 


by micrometer feed beneath an accurately ground dian port le ‘Pressur pr ! VERAL divergent theories have 
cisely controlled so that hardness can be detern been pro “l , 7 
! f deter oposed to account for 
when measured under the microscope the change in microstructure when 
aluminum-silicon (Cont. on p. 90% 
For farfPers Ml 
aa) *“Modification in Aluminum-Sil 

dour es oot ‘an @ Optical i | 
: ) ys", by B. I "} nd Bruce 
ag oon an @ Optica con ‘Alloys 4M. Thal and Brae 
Chalmers, Journal of the (British) 


write Depe MI! Seas Institut . i, part 





1 
INSTRUMENT DIVISION e BUFFALO 14. NEW YORK 190, p 
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Take this Purolator Micgonic* lube oil filter. 
It had to be: 


Nonporous, to stand 100 psi. I ight in 
weight, to withstand vibration. Low in cost. 


Alcoa cast it in aluminum for light weight. 
Used permanent molds to get a smooth, dense 
structure. Made dies to close tolerances to 
cut machining costs. Did the job on a pro- 
duction basis to cut production costs. 

With big, modern foundries, Alcoa is 
equipped to give you fast, low-cost casting 
service. Alcoa designers and foundrymen are 
old hands at getting the best out of aluminum 
Most of the casting alloys were developed by 
Alcoa. Result: A combination of production 
factors that can give you long runs on tough 


jobs at prices no one else can touch. 


Let Alcoa Quote Your Next Job 


Call in your Alcoa specialist. He's listed in 
the classified phone book under “Aluminum 


Or send your prints direct to ALUMINUM 
COMPANY OF AMERICA, 1993M Gulf Building, 
Pittsburgh 19, Pennsylvania. 


*Reg. U. S. Pot. Off. 
Manufactured by 
Purolator Products, inc., Rahway, N. J. 
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N Radioactive Sodium 





For the OVER-ALL JOB—With Guaranteed Results in (Starts on p. 902) alloys hav 


small additions of alkaline metals 
or their fluorides. The notable im 

OVENS o DRYERS provement in physical properties 
FURNACES e has indeed been responsible for 
commercial uses of these “modified 
alloys. 

Since a 10% silicon alloy can be 
modified with as little as 0.1 of 
sodium, added to the melt, and 
since quantitative analytical meth 


ods for such small amounts of so 


very 


dium are not too precise, there has 
been reason to doubt whether any 
of this highly volatile metal re 
mained in the solid alloy. To check 
this point, the authors made up a 
series of alloys and exposed sam 
ples of each to radiation in the ura 
nium pile at Chalk River, Canada. 


Sad’ diecheret levies wal : rhe radioactivity so induced in the 
heoted billets to extrusion press major 


= 


constituents, aluminum and 
silicon, is of short life; the artificial 
radioactive isotope Nat, however, 


The authors made periodis 


ema : Whatever your problem in any industrial 
Nitridin ‘ heating process, CONTINENTAL has the 
solution. 

CONTINENTAL planned performance 
starts with the analysis of your problem 
and raging requirements, It carries when no specimen is in front of the 
through with the selection and develop- seciiiiee’s tagih Cone thin varies, trenel 
ment of the best methods, estimates costs 

Billet Heat and =. oui ra aap = — a ated 10° Si-Al alloy to which no 
Metal Coating ment, anc provides the wor -han ling ac- sodium had heon added and which 
Malleablizing cessories and control devices. Further- o 
Ore Smeltir , . possessed the “normal” eutectic 
more, CONTINENTAL handles the complete 
Solt Baths ’ , plate microstructure), the counts 
ian ie installation, turning over to you a unitized, 
eaking . 7 . . from the irradiated modified speci 
Forging producing job with guaranteed results. 
, or ’ . mens decreased at a rate corre 
Core Baking Our 25 years’ experience and diversified 
Mold Baking . sponding to a half-life of 14.8 hr. 
research have produced numerous original : 
Drying . : : . It was therefore concluded that so 
designs and improved procedures. All of 
Electric or : : 7 " dium, despite its volatility, is) in 
; this data is available for preliminary plan- Te ee ‘in th tified all 
° ’ ° A decd retained in we TOE HiOysS 
Fuel Fired ning. CONTINENTAL invites you to share ;' lidified 
° . “ - when sotidites 
its engineering “round table’’ to discuss ; 
: , Without attempting to show any 
the expansion, remodeling, or moderniz- 
yr . —™ quantitative relation between the 
ing plans you have in prospect. There is 
. r observed radioactivity and th so 
no obligation. 
dium content of the individual san 
CONTINENTAL INDUSTRIAL ENGINEERS, INC. ples, certain qualitative statements 


176 W. Adams Street, Chicago 3, Illinois can be made fa’ Sodium 


checks on the emissions from the 
irradiated alloys, using a Geiger 
Muller counter of high sensitivity. 
Allowing for the background radia 
tion (that is, the radiation detected 


the blank (that is, from an irradi 





is Te 
‘) Ss “7 \ t \ s 
District Representatives tained in all alloys t vhich it wa 


added when molten | Phe 
Ridgewood, N. J. @ Indianapolis @ Cincinnati @ Milwaukee 


amount retained ts proportionate to 
St. Lewis @ Detroit @ Cleveland @ Pittsburgh 


the amount added and to the rate 
Every Metalworking Plant Needs CONTINENTAL ‘ 


Write for This New Booklet No. 127 
See How CONTINENTAL Can Help You. 


f solidification ‘ Remelting 
loses some but not all of the sodium 
and superheating increases this loss 
The contribution ends with a 
new theory for the odiftication 
' ‘ > ] 
FURNACES SPECIAL MACHINES mechanism, and a te calling at 
tention to the analogy with the 
PRODUCTION LINES COMPLETE PLANTS 
duction of nodular ¢ 


iron nodified” by sn 





nagknesitl 
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SPECIFICATION 
CHEMICALS 


AND ITS 
CONTRACTORS 


Phosphatizing, Rust Proofing and Paint 
Bonding Chemicals 


SPECIFICATION NUMBER ACP SPECIFICATION CHEMICAL 
QQ P-416 Lithoform 
Zinodine 
RR-C-82 Lithoform”’ No. 32 
MIL-C.5541 (See also QPL. 5541.1 Alodine 
MIL-S.5002 “Alodine 
Granodine Dip, Spray ond Brush grodes 
JAN.-C 490 " Granodine Dip, Sproy ond Brush grodes 
JAN-F.495 Granodine” (Dip, Spray and Brush grades 
Lithoform 
JAN-L.548 Permadine’’ 
AN.-E-19 Alodine 
Zinodine 
AN .-F.20 .+"“Alodine 
Granodine Dip, Sproy and Brush grodes 
Lithoform 
Permadine 
Thermoil-Gronodine 
Zinodine 
See also U.S.A. 3-213 
U.S.A. 57.0.2 
Type ti, Class A Thermoi!.Granodine 
Type tl, Class B ermadine 
Type tl, Class C Gronodine’ (Dip, Sprey and Brush grodes 
U.S.A. 51-70-1 
Finish 22.02, Class A Thermoil-Gronodine 
Finish 22 02, Class 6 Permadine 
Finish 22.02, Class C. ‘Gronodine” (Dip, Sproy and Brush grades 
U.S.A. 530-60.1 Granodine” (Dip, Spray and Brush grades 
U.S. Navord O.S.675 “Alodine 
U.S.N. Appendix 6 “Lithoform 
Novy Aeronautical M-364 Permadine 
Thermoi!.Granodine 
AN.C-170 See MIL-C.554! 
USA. 72-53 See AN-F.20 
AXS.1245 (See JAN-C.490 


Rust Removing and Metal Conditioning Chemicals 


SPECIFICATION NUMBER 
JAN.C.490, Grade I! 


ACP SPECIFICATION CHEMICAL 


Deoxidine’’ Nos. 126, 512, 526, 624, 670 
Deoxidine’” Nos 170, 171, 670 


Deoxidine” (Wash.of grodes 
Deoxidine’’ (Wipe-off grodes 


Metal Cleaning Chemicals 


SPECIFICATION NUMBER 
JAN.C.490, Grode I! 
Tepe 2 Ridoline 
Type 6 Ridosol 
JS A. 3.192 Ridoline” No. 3192 
USN. Appendix 6 Deox:dine 


Acid Inhibitors, Pickling 


SPECIFICATION NUMBER ACP SPECIFICATION CHEMICAL 
USN. 5 2 Rodine 


ACP SPECIFICATION CHEMICAL 


Write us for descriptive folders and further information 
on the specification chemicals listed above. Additional 
copies of this chart are available on request 


-_ — 
Pieneerifg aan) GT 








AMERICAN 


. 
{METALLURGICAL AGRICULTURAL and PHARMACEUTICAL CHEMICALS 








in 
HEAT- 
TREATING 


At temperatures 
where ordinary steel would 
disintegrate, Fahrite holds up. 
Fahrite heat-resistant alloy is now 
successfully serving in retorts, 
carburizing boxes, furnace hearths and 

many other severe applications. 
Ovr metallurgists will be gled to 
analyze your needs. 





THE OHIO STEEL FOUNDRY COMPANY 


SPRINGFIELD, OHIO 


Plants at Lima and Springfield 
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German Steels* 





S noted in the section of this 

abstract dealing with produc 
tion Metal Progress for April, p. 
508 large tonnages of steels for 
merly made in basic openhearth 
furnaces in Germany were made in 
basic converters during the war. In 
the low-alloy constructional steels 
made in the basic openhearth fur 
nace, special care was taken to 
achieve low sulphur and = phos 
phorus contents of the order of 
O=<.010 to O.025¢0. This greatly as 
sisted the alloy conservation meas 
ures and resulted in a large tonnage 
of steel having a high degree of 
“cleanness” 

In alloy steels for heat treating, 
searcities of alloying clements led 
to conservation measures as fol- 
lows First, when nickel was 
scarce, chromium-molybdenum and 
chromium- molybdenum - vanadium 
steels were employed. Next, as the 
molybdenum supply became more 
cifficult, the former steels were 
largely sagt yotalol by chromium 
vanadium and manganese-vanadium 
steels Phen chromium became 
scarce and MMi Ranes steels were 
put to greater use, together with 
higher silicon contents. Period 
ically the specifications for a given 
steel were revised and the alloy con 
a i (ica . tents were so pared down that the 
with wmeltiog capacity ae —— . steels had to be especially “clean 
of 1,400 Ibs. of alumi ' md of high purity in order to sat 
uum per hour, Holding 


isfy mechanical test requirements. 
capacity is A00 Ibs 


Meied 330KW. Pecuare ‘ In addition to the mandatory 





ies fudvasile wltles substitution of spiegeleisen instead 
device of ferromanganese wherever possi 
ble, other measures had to be taken 


to assure supplies of manganese 


For Melting Aluminum Alloys. Manganese 
Zine Alloys. and Other Metals 2 cneage iat lige mang ae 


Picture this furnace located in your The Ajax-Tama-Wyatt Electric In- 
plant with no fumes and with almost duction Furnace is lined with a special 
silent operation. Since the only heat composition to avoid contamination of largely by the use of anthracite and 
present is that generated in the melt- high purity aluminum with silicon or powdered coke in the furnace 
ing metal itself, you have much cooler, iron. Automatic temperature control together with varying amounts of 
cleaner working conditions and hence keeps the molten mass within S° F.. ferrosilicon and ferro 
more favorable labor relations. With holding the metal at the lowest feasi- added in the ladle 
the present increasing man-power ble casting temperature. Cost is less Phe principal means of lowering 
. P | ( ih 
shortage, the advantages of this elec- than conventional firing. Overheating th ' ' | : 
trically controlled and operated fur- is avoided and there is practically no we net national consumption of 
nace can be easily realized, oxidation. inanganese was the adoption of the 
Brassert or (Continued on p., 908 


ore in the blast furnace 
slags, together with slag from blast 


furnaces making spiegel. Also, ce 
oxidation had to be carried out 


tluminuim 


Write Today for Further Information to *Abstr 


act from “The Ferrou 
Metal Industry in Germany During 


Dy Ceorge 


AJAX gg INDUCTION MELTING FURNACE | Ss" Pes 


TAMA-WYATT — obtainable from British Informatior 
a tcrmormamme Comp” oe ~ - Service, 30 Rockefeller Plaza, New 
a 

a 


Lecter J : ”) < ' 
Lecter ruenace cone York City 2¢ ($1.15.) 
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ste DER METALLURGY is the process being chosen for the manufacture 
of many products because of the cost savings produced from this 
automatic, high speed production method. Parts such as porous, 
self-lubricating bearings, carbon brushes, and insulators, Alnico magnets, 
carbide tool bits, magnetic radio cores, contact buttons, gears, cams 

and literally thousands of other items are accurately and automatically 
made with unbelievable cost savings on Kux Presses. 


KU xX PRE SSES } pers of the most complete line of machines available for this 


industry, Kux Presses have been selected by all the leading 
THE MACHINES manufacturers for the superiority in design and construction built into 
every model. A penny post card will bring you detailed information 
UNIVERSALLY USED 


and an illustrated catalogue. 





KUX MACHINE COMPANY 


3940 W. HARRISON STREET + CHICAGO 24, ILLINOIS 
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German Steels 





(Starts p. 906) acid smelting process, 
supplemented by other changes in 
blast furnace practice, such as in 
creasing the fluidity of the slag by 


Se eanataimel 


adding alumina, and by boosting 


the silicon content of the pig iron. 

Substantial amounts of manga 
nese were recovered from uncon- 
ventional sources through the 
medium of high-manganese slags 
reduced either by the Ischebeck 
process or the Hahl-Rosenbaum 
process. Matte smelting of manga 
niferous iron ores was not at 
tempted. Slags resulting from the 
processes mentioned contained 30 
to 35° Mn and were well-suited for 
use in the production of spiegel 

The economic control of alloy 
ing clements had a marked effect 
on the composition of alloy and spe 
cial steels, which in turn reacted on 
mechanical design and methods of 
construction, 

Alloys for Use at High Tempera- 
tures German metallurgy, in gen 


ae re ee re ere reed ee red eee rd 2 ere rep eee rep err errr 


eral, was not comparable in 
achievement to German turbine en 
gineering, and the best newer steels 








St = 





and alloys available in Great Britain 
and the United States outclassed the 
corresponding German ones 

In order to balance the defi 


Picture Preparedness ciency in suitable alloys for gas 


turbines, the Germans developed 
A d e BRANDT! ingenious designs, applying ait 
n you picture 7 cooling to hollow turbine buckets 
and even considered water cooling 
@ Prepare now against mass | square feet of flexible plant to reduce operating temperatures 
production problems in any | space. Brandt is completely Combustion chambers and nozzles 
type metal. Brandt offers you equipped and organized to were made originally from steel 
unexcelled facilities .. . on | meet deliveries for contract with 0.12% C, 0.80 to 1.10% Si, 0.20 
several hundred thousand | manufacture of — to 0.40% Ma, 6.40 to 0.10% Al, 6.5 


er ee er re ee re ee we Sone wry . 





to 6.8% Cr rhese units, however 


v 
STAMPINGS — Roya“ gg gg >Re 
rom ow-carbon deep drawing 
SPOT WELDED sheets, surface treated in various 
sir egal Goo ody Polymer 
WELDMENTS or aluminum lacquers were used 


for this purpose with fair success 
BALTIMORE PRESSED STEEL SHAPES Stelaless Shecle— Owing to th 
shortage of alloying elements, the 
yey use of stainless steels i Germany 
4 ‘ was restricted to essential applica 

tions, and there had been little new 
development. The stainless steel 
used for destroyet L-boat and 
speedboat propellers vas Krupp 
P.125, as follows: 0.12 G. 3.7 Si 
0.7 Mn, 7 Ni, 23 Cr Shaft 
liners of 12.5 to 13.5 Cr steel 


CHARLES T. BRANDT, INC. " ‘ z | (forged or centrifugally cast) had 


given good service as an alternative 


1700 RIDGELY ST. BALTIMORE 30, MD. to bronze Continued on p. 910 
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MISCO ec cision CASTINGS 


STAINLESS STEE 


CAST TO MICROMETER 


This intricate casting is used in the production of 
automotive generators and starters. The adoption of 
precision costings resulted in a cost saving of 94% 
on this part. 


This stainless steel pickup finger is an 
excellent specimen of a Misco Precision 
Cast part. Misco possesses important 
advantages for the quantity production of 
pieces such as this, which are intricate 
from both design and dimensional stand- 
ards. Misco has superior quality alloys 
to fit your need; high strength harden- 
able, wear resisting, heat and corrosion- 
resisting steels. Misco has extensive 


technical experience and adequate facili- 


TOLERANCES 


Part: 


ROTOR WINDING 
PICKUP FINGER 


Alloy: Miscrome 5 
Weight: .24 oz. 


(A.1.S.1. Type 440 Modified) 


ties to assure prompt delivery. Misco 
Precision Castings can be adapted to your 
products and manufacturing demands. 
Investigate the Misco Precision Casting 
Process for low-cost processing of hard-to- 
make metal parts in metals and alloys 
that must resist heat, abrasion and corro- 
sion. Our Engineering Department is ready 
to assist with your design, manufacture 


and material problems. 


We Solicit Your Inquiries 


PRECISION CASTING DIVISION 
| eae Steel Casting Company 
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Velometer 


Gives instant, 
direct reading 
of Air Velocity 
... Anywhere! 





Here is a precision-built, self-con- 
tained, portable instrument that 
gives instant, accurate reading of 
air velocities—anywhere. The 
Velometer is com- 
pact, portable— 
accurate in all 
ranges from high 
to low. Needs no 
calculations or 
reference charts. 
Anyone can use it 
and get accurate 
measurements. 
Available ina wide range of 
scales, and with a wide assort- 
ment of jets and fittings if needed. 
You'll want full details and prices, 
so write for Bulletin No. 2448-G. 
Ilinois Testing Laboratories, Inc., 
Room 523, 420 N. La Salle Street, 
Chicago 10, Ill. 


| PRECISION INSTRUMENTS | 
" FOR EVERY INDUSTRY | 








German Steels 





(Starts on p. 906) 

The use of compound sheets 
(mild steel backing and stainless 
steel surface) grew considerably 
during the war as a result of the 
general shortage of alloying ele 
ments, and such sheets, with a stain 
less surface on one or both sides 
were produced down to a minimum 
total thickness of 0.118 in 

High Speed Steels Before the 
outbreak of war the standard 18-4-1 
high speed steel had been replaced 
by the following 

Cc w Cr Vv Mo 

ABC 0.80 9.50 4.50 1.50 0.50 
D 0.85 11.00 4.50 2.50 0.50 
E 1.40 11.50 4.50 2.50 1.00 

Brand ABC was replaced in 1940 
by Dreierstahl with the following 
composition 

Cc Ww Cr v Mo 
0.90-1.00 2.50 4.00 2.50 2.50 

At the end of 1944, molybdenum 
became more scarce than tungsten 
and, to conserve stocks, the Dreier- 
stahl was cancelled. 

rhose who manufactured Dreier 
stahl were enthusiastic regarding 
its performance. It was stated that 
it averaged about 20° better than a 
standard 18% tungsten high speed 
steel for general applications. It 
was admitted, however, that it was 
sensitive to grain growth and must 
be heat treated within narrow tem 
perature limits rhe usual recom 
mended quenching temperature was 
2265° F., with a tempering tempera 
ture of 1015° F., double tempering 
being standard practice with this 
steel as with all other high speed 
steels. Krupp manufactured this 
steel with an addition of 0.05 to 
0.10 ri, apparently with the ob 
ject of reducing susceptibility to 
“rain growth, 

Die Steels Poolsteels for hot 
work appeared to follow American 
practice, but with a much wider 
range of compositions. Tungsten 
was definitely favored as an alloy 
ing element for most hot work die 
steels, and a composition with 
1.5°° Wand 1.5% Cr, made in sev 
eral carbon ranges from 0.24 to 
0.45 was widely used 

Steel of the class long used by 
most countries for airplane engine 
exhaust valves, 0.25 to 0.45 C, 13.0 
to 1500 Ni, 13.0 to 15.0 Cr and 
2 W, was also used for hot extru 
ston dies his was forged or rolled 
to billets, then slugs were cut and 
finished into disks (Cont. on p. 912 
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SPECIFY 
dy 


dye penttrant 
metal inspection 


retir 
Csviil 


Vet 


Anywhere 


FASTER, 
CHEAPER, 
MORE ACCURATE 
Completely 
Portable, 


| Bieai ane 


1523 EAST BROADWAY 
HAWTHORNE, CALIF 





8 TIMES 


longer life 
in wet 


raaliclalal=me Alia 


HASTELLOY 
alloy C 


acto ltla=) a 


Used to introduce chlorine gas into a chlorinator were circle-cut from 12-gage sheet and then 
at 100 deg. F., these Haste voy alloy reducers welded to the body. The assembly was then 
are still in operation after one year’s service. solution-treated to impart maximum corrosion 
The material previously used, iron-silicon alloy resistance. All welds were made with a Heuiane 
castings, failed because of poor mechanical torch using alloy C bare drawn wire. 


strength. _ 
engt Phe story of these reducers proves once agam 


The cost of each Hastectoy alloy reducer that Hasteccoy allovs resist severe corrosion 
has been about seventy cents a day. based on ... are easy to fabricate ... and are economical 
actual performance records to date, and since to use. They could be the solution to vour cor- 
the reducers are still in service the final cost rosion problem. Fill out the coupon below for 
figure will be even lower. the new 40-page booklet giving the full story of 

The reducers were fabricated from HasTELLoy the four grades of Hastersoy alloys, The 
eles C dats. Ten-gage sheet was cut to size. booklet will help you select the grade you 
rolled in the shape of a cone, and then welded think most suited to handle your problem 


to form the body. 1 he top and bottom flanges “Hastellov”, “Havnee” and “Heliare” are trade-marks 


of Union Carbide and Carbon Corporation or ite U nites. 





“ AYNE Haynes Stellite Division - Union Corbide and Carbon Corporation | 
125 S. Lindsay Street - Kokomo, Indiens 
Trode More ‘ 
oy he Please send me without obligation a copy of the 40-page 





HANDY booklet ‘Hasteiioy Nickel-Base Alloys” 
& 
Haynes Stellite Division Bs 
Union Cerbide and Carbon Corperetion COUPON 
Company 
Address 
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Want to know 
more about 


ANALY SiS? 


Read this 
New 8-page 
ENGELHARD 

BULLETIN 


Look at these 
Data - Packed Pages 


YOU WILL FIND a wealth of ma- 
terial on a wide range of gas anal- 
ysis problems and their solutions 
in the new Engelhard 8-page illus- 
trated bulletin. It explains how 
Engelhard equipment provides 
complete, sensitive, accurate anal- 
yses by the proven thermal conduc- 
tivity method. The bulletin also 
contains a valuable thermal con- 
ductivity table that you will want 
to keep for handy reference. Write 
for your free copy today. Ask for 
Bulletin 800A. 

Please send me FREE copy of Bulletin 
800-A on Gas Analysis. 


Nome 

Company 

Address <r need 
City , x1234 
CHARLES ENGELHARD, INC 


EA WEWARK 








German Steels 





(Starts on p. 906) by heating to 
about 1830° F. and forging so as to 
strike the last blows when the steel 
was as cold as 1240°F. In this 
method of cold finishing or “ham- 
mer hardening”, the final tempera- 
ture depended on the desired 
hardness. 

Ferro-Alloys— The German in- 
dustry was based mainly on electric 
furnace production (even in such 
cases as production of ferrotung- 
sten and ferromolybdenum). A 
notable wartime development was 
the extent to which the ferro- 
vanadium output from slag had 
been forced. The maximum figure 
claimed to have been reached in 
that country as a whole was 300 
tons of ferrovanadium per month 
in 1944, as compared with 60 tons 
per month before the war. The ox- 
ide was reduced almost entirely by 
aluminothermic processes, although 
a little “ferro-carbon-vanadium” 
was made electrically in the ferro- 
tungsten furnaces at Weisweiler. 





Extrusion Effeets* 





H YPRON ALIUM 43 (4.5% Zn, 

3.5°° Mg, remainder Al) is usu 
ally extruded at about 840° F. and 
is recrystallized in the process. 
After solution treatment for 60 to 75 
min. at 840° F., water quenching, 
and aging for 10 days, the alloy has 
the following properties. 

Wire, drawn 32% to 06.300-in 
diameter: 70,000 psi. tensile stremeth, 
15,500 psi. vield, 16% elongation 

Sheet, cold rolled to 0.039-in. 
thickness: 63,000 psi. tensile strength 
10,500 psi. vield, 18's % elongation 

However, a modification of the 
same alloy containing 0.40% Cu, 
0.20 Mn, 0.15% Cr and 0.05% V, 
extruded, drawn to 0.300-in. wire, 
and then heat treated, shows 80,000 
psi. tensile strength, 59,000 psi. vield, 
13°% elongation. 

rhe purpose of Siebel’s work 
was to establish the effects of the 
various additions, (Cont, on p. 914) 

*Abstract from “Extrusion Ef- 
fects in Al-Zn-Mg Alloys With 4.5% 
Zn and 3.5% Me”. by G. Siebel, 
Metallforschung, Vol. 2, 1947, p. 331- 
340, 
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Tempilstiks 


A simple method of 
controlling temper- 
atures in: 


© WELDING 
© FLAME-CUTTING Also 
© TEMPERING available 
© FORGING in pellet 
* CASTING and 
© MOLDING 
© DRAWING 
© STRAIGHTENING 
© HEAT-TREATING 

IN GENERAL 


It's this simple: Select the 
Tempilstik® for the working 
temperature you wont. Mork 
your workpiece with it. When 
the Tempilstik® mork melts, 
the specified temperoture has gives up 


been reached. te 2000 
readings 





Available in these temperatures ( F) 





~ - 
113 263 | 400 950 1500 
125 275 | 450 1000 1550 
138 288 500 1050 1600 
150 300 $50 1100 1650 
4 313; 600 | 1150 | 1700 
188 325 650 1200 1750 
200 338 700 1250 1800 
213 350 | 750 1300 1850 
225 363 800 1350 1900 
238 375 | 850 1400 1950 
250 388 | 900 1450 2000 


FREE —Tempil® “Basic Guide 
to Ferrous Metallurgy” 
— 16%” by 21” plastic-lominated wall 
chart in coler. Send for sample pellets, 
stating temperature of interest to you. 


| GORDON 
SERVICE 


CLAUD S. GORDON CO. 
Specialists for 36 Y ears in the Heat Treating 
and Temperature Control Field 
Dept. 15 © 3000 South Wallace St. Chicago 16, IM. 
Dept 15 © 2035 Hamilton Ave. Cleveland 14, Ohie 























NOW! a 6 point 


Temperature 
Recorder 





THE MULTI-RECORD 
DYNALOG* 


Economy is nly n { many advantage 
Hered the metals just: by this unique 
Foxboro Elect 
easy-to-read re 
system in 6 different 
an't run together. It prints reading every 
seconds which gives essentially « 
record lines ym economical round 
The Multi-Record Dynalog employs eithe 
thermocouples or Foxboro Dynatherm Resist 
mce Bulbs. Some of its many application re 
. to record multiple points or zones in ann 
ing furnaces; keep supervisory recor 
molten metal pots; keer ntinuous recor 
old treatments; with high temperature alorir 
feature keep tabs on generator. turbine and 
ll bearings: in the laboratory re i group 
{ creep-test temperatures 
Here's a temperature instrument especially 
suited to metal plants. Practically eliminates 
instrument maintenance because it has no slide 
wire, requires no standordizing, uses no dry 
cell. Yet it is unmatched in sensitivity, accu 
racy. and speed of response. Write for Bulletir 
427.1. The Foxboro Company. 52 Neponset 
Ave., Foxboro, Maas., U.S.A 


lusive of temperature bulbs 


S Pat O# 


2 


Another FOXBORO FIRST 


haba ties 
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ROTARY GAS 
CARBURIZERS 


A “First” by A.G.F. 


Extrusion Effects 





(Continued from p, 912) 

A.G.F. Rotary Carburizers afford . ’ (It is not made clear by the author 
economies of operation that per- whether the new variant of alloy 
mit a substantial reduction in Hy 43 was the outcome of this 
the cost of your heat treating. i : research or whether the tests re 


. ‘ , ported were intended merely to 
bein a o. me ay ot check and explain previous results.) 
eslonin ose poet ene and p The idea behind the research pro 
discharged by means of a tilting ana wes Git Ge aeeees 
mechanism, which is power reece’ 


driven on the larger models. po gt ! gage at ate 
UNIFORMITY OF PROD. LONG ALLOY LIFE is ob- testa ‘te toa rea 


lost 
UCT is assured by: tained because the retort re- 
mains in the heat at all times. 


raise the recrystallization 


subsequent 
processing 


1. Retort rotation thoroughly Several heats containing various 


mixing the work. VERSATILITY. A.GF. Rotary amounts of copper, manganese 
Positive control and main- Carburizers can be used without chromium, vanadium and titanium, 
tenance of atmosphere in modification for clean harden- added separately, were cast into bil- 
the retort. ing, annealing, normalizing, etc. lets 2.56 in. in diameter and ex 
truded to 0.300-in. wire, which was 
Write tor Catalog C-1304 describing Rotary cold drawn various amounts be 
Carburizers and other A.G.F. equipment tween 11 and 37%. Temperature of 
extrusion varied between 715 and 
880° F. and the speed from 3 to 10 
ft. per sec. The cold drawn wires 
were given the standard treatment 








(quenching and aging mentioned at 


Elizabeth the outset) after 


various temperatures 





quenching from 











The results were: Speed of ex 
’ . : 
Our Services: ' trusion and temperature used for it 
; have no effect on mechanical char 
Carbon-Restoration, Electronic » * ‘ , - acteristics. Copper added to the 
Induction Hardening, Flame extent of 1.2% had no effect 
Hardening, Heat Treating, Bar PE . neither had titanium or vanadium 
Stock Treating and Straight- ; , Chromium had the 
ening (mill lengths and sizes), 
Annealing, Stress Relieving, Nor- 
malizing, Pack, Gas or Liquid 
Carburizing, Nitriding, Speed Ni- ; , 
triding, Acrocasing, Chapmaniz- =4 By pickling away the outer lay 
ing. Cyaniding, Dry Cyaniding, rs of the wires, a point was 
Sand Blasting, Tensile and Bend ; sho reached beyond which X-ray dia 


Tests ¢ ~ grams revealed an unchanged fibe 


strongest effect 
and was active up to 0.25°: man 
ganese came next, being effective 
up to 0.5% 


' 
' 
; 
: 
: 
: 
; 
: 
; 
: 
: 
: 
’ 


structure. Temperatures at which 
fibering disappeared were plotted 
against the amount of the additional 
element. It was found that 0.5 Mn 
shifts the recrystallization tempera 
ture from 735 to 915° F. for lightly 
drawn wires and from 644 to 790° F 
for heavy drafts With chromiun 
the shift was much greatet fron 


The Amazing Lakeside Selective Radial Hardening Machine | ¢:,.;0 °°“ ““¢ “en oe 


The newest and most economical method of flame hardening gears, wheels, Phe author does not mention the 
sprockets, etc., is available right here in your own backyard. Parts up to 36” in mechanism of this shift and does 
diameter are case hardened as they spin in a radial circle of multiple gas fired not indicate why it was absent for 
burners. Why not assure your gears of proper case thickness with effectively copper, vanadium and titanium. His 
controlled hardness depths and patterns by flame hardening them, the newest 


diagrams show also that the pr 
way, the most economical way, the Lakeside way. Call Lakeside today! = 


ence of copper causes the action of 


THE _— the other two additions to develop 
“i \ in a much sharper manner; the 
hardening curve forms a peak in 

t j stead of running smoothly 


GH $5418 LAKESIDE AVE, CLEVELAND 14, OHIO) = HENDERSON 9100 [== M.G.€ 
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These Baldwin testing machines have opened the 
door to many important new developments, by pro- 
viding the designer with accurate knowledge of the 
properties of stressed materials under elevated tem- 
peratures. You'll find them invaluable aids in your 
investigations in this exciting new field. 


BALDWIN LEVER TYPE CREEP MACHINE. An ex 
tremely popular type; almost 200 are now serving 11 
dozens of laboratories throughout the country. Max: 
mum capacity 12,000 lb. Loading accuracy 1s within 
1% of load, and accuracy of strain measurement is 


within 0.00005"". Ask for Bulletin 272 


BALDWIN SCREW TYPE CREEP RUPTURE MACHINE. 
Automatically maintains loads while temperature 1s 
held constant. Motor driven, capacity 20,000 Ib. Flat 
recorder chart plots elongation vs. time. Informatio 


> furnished on reque 


BALDWIN 


December, 1950: 


CONSTANT STRAIN 


RATE TYPE 


BALDWIN CONSTANT STRAIN RATE CREEP TEST- 
ING MACHINE. Determines the effect of various strain 
rates on the breaking points of metals, at controlled 


high temperatures Head velocity can be varied from 
0.5" to .000001" per second. Ask for detailed infor 


mation 


BALDWIN RELAXATION TESTING MACHINE. 
Automatically carries out relaxatuo $18, pro 
viding a record of decline of load ) Strain incre 
ments of only 0.000002” per in. Produces a curve 
of stress vs. ume on a flat chart. Capacity, 4000 lb 
Accuracy 1s approximately 1% of load or .25% of 


capacity Details on request 


Standard furnaces furnished with above equipment 
give temperatures up to 1800°F. Special furnaces 
available to provide temperatures up to 2200°F, Con- 
trol limits are +$°, or + 
used. 


, depending on controller 


The Baldwin Locomotive Works, Philadelphia 42, Pa., 

Offices: Chicago, Cleveland, Houston, New York, Phiewa: 
a, Piusburgh, San Francisco, St. Louis, Washington 
mn Canada: Peacock Bros. Led., Montreal, Quebec 


TESTING HEADQUARTERS 
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At Fred Heinzelman & Sons 


WEW YORK, WY 


Ax0 a Finis 


rat nm 2 rast | 


ae a QU ih 


Shown here is the Pangborn Hydro-Finish unit 
which set new records at Fred Heinzelman & 
Sens. A pioneer of heat treated dies, the com 
pany reports: Hydro-Finish removes heat treat 
oxide discoloration, cuts hand polishing 60% to 
70%, holds tolerances to a precision .0001"! 


Find out how 
HYDRO-FINISH 
can Save you money 


Hydro-Finish is the answer to 
modern cleaning, decorating and fin 
ishing problems. As Fred Heinzelman 
& Sons have found, Hydro-Finish vir 
tually eliminates tedious and expen 
sive hand buffing and polishing on tool 
and die maintenance. Now, dies with 
heavy oxide ‘discolorations can be 


cleaned faster and at lower cost 


And, on the production line, Hydro 
Finish assures better bonding, electro 
plating, painting——gives you the sur- 
face you want within .0001”" with no 
pits, grooves or hard-to-clean imper 
fections left after cleaning 

For full information on the many 
ways Hydro-Finish can save you 
money, write today for Bulletin 1400-A 
to: PANGBORN CORPORATION, 1800 


Pangborn Blvd., Hagerstown, Md 


Pang born 


BLAST CLEANS CHEAPER 


with the right equipment for every job 








Cupola Practice 





I ECENT issues of the British Cast 

Iron Research Association's 
Journal of Research and Develop- 
ment contain several articles on 
cupola practice that are of more 
than usual interest. 

Water-Cooled Cupolas* — During 
the war, the scarcity of foundry 
iron necessitated increased use of 
steel scrap in the cupola charge. 
With high proportions of scrap the 
lining eroded rapidly and, after 
various types of neutral and basic 
brick had been tried without im- 
provement, attention was directed 
to the possibilities of water cooling. 

Examination of the lining of a 
cupola operating on 95% scrap, 
revealed maximum erosion along a 
line 15 to 18 in. above the tuyere. 
Preliminary trials of water cooling 
were undertaken about this line as 
a center, using tanks 30 in. wide 
fabricated from “-in. rolled plate. 
The experiment showed promise 
but, during occasional periods when 
the blast was off, curtains of mild 
steel formed on the faces of the 
water jackets and had to be re- 
moved with cutting torches when 
the lining was repaired. 

Subsequently experiments were 
initiated on a 30-in. cupola operat 
ing continuously in a mechanized 
foundry, melting 2's tons per hr. 
at high temperature for thin-section 
castings. The water jackets were 
cast with vertical corrugations in 
the face, which were filled with 
ganister. The cupola operated with 
half the usual patching and, although 
the water cost largely offset the 
savings, the freedom from shut- 
downs justified the adoption of water 
cooling. The suecess with this unit 
led to the installation of water cool- 
ing on two 60-in. cupolas. The tanks 
are set just above the tuyveres, and 
give as much as two years of service. 
Water cooling of these units has 
been in operation for over four 
vears and is considered an unquali- 
fied success. Water requirements 
average 60 gal. per min., leaving the 
cooling system at 160 to 175° F. 
Minor tank leaks are repaired by 
peening and welding but if a leak 
is serious the tank is replaced. Coke 
consumption is reported unchanged 

(Continued on p. 918 

*By W. H. Bamford, British Cast 

Iron Research Assoc., Journal of Re- 


search and De velopment, Vol. 3, Aug- 
ist 1949, p. 41 
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%* PRODUCTION INCREASED 
FROM 18 TO 31 PIECES PER 
HOUR machining pipe union 
from 18-8 stainless steel in 
single spindle automatic after 
changing over to Stuart's 
THREDKUT 99. 


% SPEEDS, FEEDS INCREAS- 
ED 50% turning, drilling, 
facing, reaming, tapping 
forged steel valve bodies 
(equivalent SAE 1315) on 
turret lathe after applying 
Stuart's SOLVOL water sol- 
uble cutting fluid concentrate. 
And, excessive scrap loss due 
to high finish requirements 
was eliminated. 


* PRODUCTION DOUBLED 
boring 7!/.” dia. hole through 

dia. x 30!/,” long solid 
forged 5060 steel pump liner 
through use of Stuart's 
SPEEDKUT B the multi-pur- 
pose cutting fluid. 


@ These are not isolated examples of 
how Stuart can help boost production 
They care taken from daily field re- 
ports. Ask to have o Stuart Represen- 
tative call 


A. Gtuart [Jil co. 


2743 S. Troy Street, Chicago 23, iil 
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Cupola Practice 





(Continued from p. 916) 

In order to reduce the incidence 
of failure in water-cooled slag holes 
a tank made with a keyhole opening 
has been used, the lower portion 
being filled with ganister. 

The 30-in. cupola mentioned has 
now been water cooled to 63° in. 
above the tuyeres with a lining of 
stabilized dolomite; however, the 
experience with this installation is 
not sufficient to perniit any definite 
conclusions to be drawn. 

Oxygen Enrichment inthe Cupola* 

rhe possible effect of oxygen en 
richment on the thermal efficiency 
of metallurgical processes is to a 
considerable extent determined by 
the degree of recuperation or re 
generation involved. Since the re- 
cuperation in most cupolas is limited 
to the absorption of some of the 
heat in the products of combustion 

*By W. C. Newell, British Cast 
Iron Research Assoc., Journal of Re- 
search and Development, Vol. 3, Octo 


ber 1949, p. 103; and E. C. Evans, 
p 109 


by the in-going charge, oxygen en 
richment results in a higher rate of 
output and higher metal tempera 
ture from any existing unit. 

Curves are presented showing the 
theoretical possibilities of oxygen 
enrichment in terms of fuel con- 
sumption, for different temperatures 
of exit gases. It appears that even 
slight enrichment may be distinctly 
worthwhile at high exit-gas temper- 
atures but would be of little value 
if exit temperatures were low. If 
oxygen is expensive, as in Great 
Britain, the application would re- 
quire that enrichment be kept low 
to obtain maximum benefit at min 
imum cost 

In actual cupola operation the 
effect of oxygen enrichment, assum 
ing a given rate of fuel consumption, 
is to reduce the total blast rate, to 
localize the combustion zone, and to 
reduce the volume of hot gases. The 
net effect is faster melting, faster 
charging and better thermal effi- 
ciency. The higher temperature re- 
sulting from oxygen enrichment 
tends toward higher silicon, lower 
sulphur and increased flexibility of 
operation. Economically, the use of 
oxygen is seldom justified except for 
temporarily increased output. 

(Continued on p, 920 














ELECTRIC 
FURNACES 


Cementing 
Normalizing 
Sintering 


Special process furnaces, for research and continuous produc- 
tion of parts requiring hydrogen atmosphere with very low dew 
points at temperatures reaching 3000 F and above, are designed 


1450 Buffalo Avenue 











by Harper Engineers to meet rigid heating requirements. 

Shown above is a Harper controlled atmosphere sintering 
furnace used in the laboratory of a well-known metal products 
manufacturer for research in powder metallurgy. This Harper 
furnace plays @ major part in the developing and control testing 
of powdered metals used in production of metal parts of all 
kinds. Write for information on specie! process furnaces to 
meet your rigid heating requirem. nts 


HARPER ELECTRIC FURNACE CORPORATION 


Niagara Falls, New York 
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HIGH 

SENSITIVITY 
TEMPERATURE 
MEASUREMENT 


is one of the 
many applications of this 


PORTABLE PRECISION 
POTENTIOMETER 


Distinctive feotures include: 


1. High sensitivity, sturdy, built-in Pointer- 
lite galvanometer — permits balancing 
to within 2 microvolts in low-resistance 
circuits -~ better than 0.05" C. on iron 
constantan couples. 





. Completely self-contained assembly 
no external accessories except the 
thermocouple circuit 


Two full-scale ranges—0 to 16.1 milli 
volts and 0 to 161 millivolts — readable 
to within 2 and 20 microvolts re 
spectively 


. Convenient arrangement of galvanom 

eter scale, potentiometer dials, keys 
and battery rheostots for greatest 
ease in reading and adjustment 


. Sturdy, compact construction for many 
yeors of service under hord use. 


Portable Precision Potentiometers are 
available in o selection of ranges up to 
1.6 volts. Described with other Rubicon 
potentiometers in Bulletin 270 and 270-A 





OTHER RUBICON PRODUCTS 


olvonometers @ Resistance Stondards 
Resistance Bridges © Magnetic Hordness 
testers for production testing « Evelyn 


Photoelectric Colorimeter for rapid and 





precise chemical onalyss of metals ¢ Mag 
netic Permeameters « Other equipment 
avolving precise measurement of 


electrical quontities 


RUBICON COMPANY 


Electrical Instrument Makers 
3758 Ridge Avenue © Philadelphia 32, Pa 
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“BLECT ROME Daa 


Published by Electro Metallurgical Division, Union Carbide and Carbon Corporation. 30 East 42nd Street. 
New York 17, N. Y. + In Canada: Electro Metallurgical Company of Canada, Limited, Welland. Ontaric 


MANGANESE . . . 
Deoxidizer and Toughener for Steel 


scakening an 


cn f sulphur in 





unteracted by the 


the cupola cl srye 


: alloving Increases Strength, Toughness, and 
rand toughe . 
~ — Wear-Resistance 


Lith ps rtant constituent 
il and engineering steels . . P , last man time 
W hen used as an alloy ny clement te 


manganese produce 1 steel w 


Deoxidizes and Cleans Steel Ts, pane eae me ae ree 
. 6 ductiliey, Additi — teet and dredge-bucket ’ The het 
wanese In de . i mang 
3 per manganese produ i 


ages is wn Hadfeld man 
} 


tees ave « 


Available Alloys 


pr xduced by bie 1 


“ t the 


Standard Ferromangonese 


Low-Carbon Ferromanganese Song manganese to seem Reveng 8 
mt, #4 as starnless steels of the 18 per 
nickel type 
Medium-Carbon Ferromangonese < nly used for making manganese stec 
t 200 per cent manganese | 


Nanganese stee 


ail , sho ohl, ' Low-lron Ferromanganese 


Silicomangonese 


Ferromanganese-Silicon Mix 
Manganese Metal " 
EM” Silicomanganese Briquets 


manganese 


‘EM” Ferromonganese Briquets 
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Thirty -six yeors of experience 

and “know-how” go into the oro- 

duction of Gordon Platinum, Platinum - 

Rhodium Thermocouples. From this 

experience has evolved the Gordon 

policy which calls for the utmost in 

quality ond service, the utmost in 

volve to clients. That is why Gordon 

platinum wire is carefully checked for 

thermocouple accuracy against a mas- 

ter thermocouple calibrated and 

certified by the National Bureay of 
Standards 

The porcelain insulation and pro- 

tecting tubes which go into a com- 

plete thermocouple assembly ore of 

the finest quality obtainable. They 

ore the best known means of pre- 

venting contamination of the elements 

which result in false e.m.f. volves. Also, the Gordon 

G-142 head which goes into a complete thermo 

G 142 HEAD INNER PRIMARY TUBE 


INSUL ATOR 


+ § a)| 
* Fal d ¢ 
=: 


2027 =ADAPTOR 


couple assembly is light in weight and permits 
easy replacement of new elements into a pro- 
tecting tube assembly 


The Gordon Policy — highest quelity 
end stenderds of materiai—plvs Gerden 
craftsmanship at the lowest possible price. 


Write now for full information ond price list. 


GORDON. 
S* SERVICE.°>: 
CLAUD S. GORDON Co. 


Specialists for 36 vears in the Heat Treating 


and Temperature Control Field 

Dept. 15 © 3000 South Wallace St., Chicago 16, Ii) 
Dept. 15 © 2035 Hamilton Ave., Cleveland 14, Ohio 
a 





Cupola Practice 








(Starts on p. 916) 

Results of tests at Allis-Chalmers 
and at Armour Institute are dis- 
cussed in some detail. These experi- 
ments have already been reported in 
the American technical press (/ron 
ige, April 22, 1948, and Foundry, 
June 1948). However, it may be 
noted that although the output of 
the cupolas involved increased 
greatly with oxygen enrichment the 
deterioration of refractories was 
likewise accelerated. The published 
work on oxygen enrichment in the 
cupola indicates that usually neither 
charging nor casting facilities are 
adequate to handle the greatly in- 
creased output effectively 

Since in large foundries the pos- 
sibility exists that an oxygen plant 
might be justified the author dis- 
cusses the various methods of pro- 
ducing oxygen in large quantities 

including the high, medium and 
low-pressure systems for high-purity 
and low-purity gas. For most found- 
ries, it will be cheaper to purchase 
oxygen than to manufacture it 

Current Hot Blast Cupola Practice* 

Hot blast operation of cupolas 
appears to be virtually nonexistent 
in Great Britain; the discussion is 
concerned with practice in the 
United States and Continental 
hurope 

Hot blast cupola operation may 
be employed to obtain higher metal 
temperature, lower coke consump- 
tion, or some intermediate combi- 
nation of the two advantages. Melt- 
ing rate is likewise increased and 
the charge moves more smoothly in 
the melting zone. Losses of iron, 
silicon and manganese are lower 
and sulphur content of the metal 
may be lower 

Moderate blast preheat is ob- 
tained in several designs by absorb- 
ing heat directly from the cupola 
itself by replacing part of the lining 
with cast-iron pipes through which 
the blast passes. Higher blast tem- 
peratures afe obtained with the 
Whiting system in which an exter- 
nal, separately fired preheater is 
used \ similar system (Schaff- 
hausen) in Germany employs a 
counterflow preheater with heat re- 
sisting tubes to obtain a hot blast 


wt 750 to 930° F (Turn to p, 92% 


*By W. J. Driscoll, Britis! 
lror Rese arch Assoc., Ji na 
searcl nd Development, Vol 

ber 1949, p. 201 
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BURRELL 
BOX and MUFFLE 
FURNACES 


HIGH TEMPERATURE “UNIT-PACK- 
AGE” ELECTRIC BOX and MUFFLE 
FURNACES for melting, sintering, 
heat treating, ignitions, etc. 


Write for Bulletins 315 and 515. 


BURRELL 
TUBE FURNACE 


HIGH TEMPERATURE “UNIT-PACK- 
AGE” ELECTRIC TUBE FURNACES 
for determination of carbon or sulfur 
by combustion and for experimental 
or production purposes. 


Write for bulletin 310. 





Place 


Refractories 


with Lumnite’ Refractory Concrete 


YOUR REFRACTORY JOBS get into production in hours, instead 


LUMNITE” 


MPot-37 


of days, by using Lumnite Refractory Concrete’ 
Why? Because simple monolithic construction 
replaces thousands of small units. Walls aren't laid 
up. They're poured! Moreover 
service strength in 24 hours 


Lumnite reaches 
If needed, re 


pairs and maintenance can be made quickly 


or less 
ind 
For Refra« 
tory Insulating Concrete, simply change the 
gate, at no extra cost! 


easily with a minimum of outage time 


iggre 


Lumnite calcitum-aluminate cement has a proved 


time- and cost-saving record not only for slow 


but for many types of oven and fur 
nace walls, door linings, arches, car tops, floors and 


cooling pits 


1 RECORDS mean onything, this Lumnite Refractory Concrete 
slow-cooling pit will still be going strong 5 to 10 years from 
now even though it absorbs constont battering and thermal! shock 


is the registered 


Pouring Lumnite Refroctory Concrete for a slow-cooling 
pit ot Homesteod Works of Cornegie-tilinok Steel 


Corporation's big Munhall, Po, plant 


' 
stack linings, flues and foundry fidors 
In these installations, and many others, it gives con 
sistently better 
thermal shock 
CASTABLES ADD CONVENIENCE. Many 


buy prepared castables 


base pads 


refractory service, under severe 


preter to 
These packaged mixtures 
of Lumnite and selected aggregates are tailor made 
to meet 


your specifix and 


temperature 
Add only 


refractory 


insulation 


requirements 


water. You can buy them 


from manufacturers and dealers 
For more information about Lumnite 


nite Division 


write Lum 
Universal Atlas Cement Company 
United States Steel Corporation Subsidiary 
Park Avenue, New York 17, N. Y 


100 


EID "EM FAST? By pouring Refractory Concrete, as in this 
slow-cooling pit, you con sove mony hours, even days, over 
other types of refractory construction 


trade mark of the calcium-aluminate cement manufactured by Universal Atlas Cement Company 





LUMNITE for INDUSTRIAL CONCRETES 


REFRACTORY, INSULATING, OVERNIGHT, CORROSION-RESISTANT 





THE THEATRE 


GUILD ON THE AIR" —Sponsored by 1 


. S. Steel Subsidiaries 


Sunday Evenings — NBC Network 
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The Design Engineer 


can improve 
service life 


Ingenious design, based 
upon the understanding of 
imposed stresses and their 
proper control, can in- 
crease the life of machinery. 
A 72 page booklet, free 
upon request, discusses the 
relation between design, 
the choice of steel, and its 
treatment. Send for it. 


Climax Molybdenum Company 
500 Fifth Avenue - New York City 


F nike | 
CY good design 
> 


-_— 
¥ + 
if fod treatment 


meratiafaction 


Please send your 
FREE BOOKLET 
KEYS TO SATISFACTION 








Position . 








Cupola Practice 





(Starts p. 916) Several installations 
in Germany and the United States 
use the incompletely burned prod 
ucts of combustion to fire preheaters 
that supply hot blast. The systems 
are recuperative and some trouble 
is experienced with accumulations 
of dust which must be blown out 
periodically 

Although there are distinct met- 
allurgical advantages to hot blast 
operation of cupolas, the high capi 
tal investment and maintenance 
problems are deterrents to the 
adoption of this system of operation 
in Great Britain. The author feels 
that hot blast operation was devel- 
oped extensively on the Continent 
to compensate for poor coke, while 
in British foundry practice the capi- 
tal investment is not likely to be 
undertaken as long as high-quality 
coke is available 

S. FEIGENBAUM 





Cast Al-Cu-Si 
Alloys* 





I 1 a long time before the last war 

American foundries shunned alu 
ininum-zine alloys, while the Get 
mans disliked the aluminum-coppet 
alloys. Thus, on the European con 
tinent, the 8 Cu alloy and its 
derivatives were called “the Ameri 
Zn plus 
3° Cu alloy was called “the Ger 


can alloys” while the 12% 
man alloy”. Only recently (during 
the war) were the Al-Cu-Si alloys, 
which are in general use in the 
States, investigated in Germany 
The research covered forty-four 
compositions. Eighteen of these 
were made of the purest aluminum 
obtainable (99.9 plus) and only 
copper and silicon were added; 
others carried various amounts of 
added 
on purpose, and iron or titanium 


nagnesium and manganese, 


present incidentally. This was done 
in order to see whether the alloys 
could be prepared from serap alu 
menu as if it were not known 
in Germany that the U.S. has many 
(Continued on p. 92% 
*Abstract fron “Aluminum 
Foundry Alloys Based on the 
Al-Cu-Si Ternary System”, by I 
Bollenrath and H. Groeber, Metal! 
forschung, Vol. 1, 1946, p. 111-11¢ 
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YOU'VE GOT 
TO BE SURE OF 
YOUR HARDNESS 
oo « INSIST Om 


J oS SIT FS 
TEST BLOCKS 


fm : 
— = ‘ a 
Price Each: $1.50, F.0.B. Detroit 


Your hardness tester is 
useful only when you 
are sure it is giving you 
accurate, dependable 
readings. You can rely 
on the accuracy of 
your hardness tester 
when you check it reg- 
ularly with CLARK 
standard test blocks. 
CLARK. test blocks, 
in various hardness 
grades, provide a 
quick, sure and simple 
method of assuring ac- 
curate hardness tester 


reading. 


INSTRUMENT, INC. 


10200 FORD ROAD 
DEARBORN, MICHIGAN 





BERYLLIUM 
COPPER 


for Maximum Resistance 
to Corrosion 


Fatigue 


OUTSTANDING 
MECHANICAL PROPERTIES 


combined with the corrosion resistance of copper in- 
sure long life under the most adverse operating con- 
ditions. When moving parts cannot be expected to : 
retain protective nes 2 the inherent Pe re available as 
sistance of beryllium copper may offer the best 
answer. In addition, beryllium copper is unaffected 
by hydrogen embrittlement, season cracking or de- ROD AND BAR 

zincification. Rounds, Rectangles, Hexagons and Squares 
There are available several beryllium copper alloys Write for BULLETIN 13 for available forms 
in wrought and cast form, each providing a different and sises. 

combination of useful properties. Depending upon 
the alloy selected, beryllium copper offers the fol 
lowing additional advantages: WIRE 


* Good electrical and thermal conductivity (20-60%). rane: rel preys. one 

* High strength (100,000-230,000 psi). 

* Excellent hardness (Rockwell €20-46 or 220-440 Brinell). 
Good resistance to moderately elevated temperatures STRIP 


(300-900 F). Send for Bulletin 12 for full particulars on 


No loss of ductility or shock resistance at sub-zero cold-rolled, slit edge strip. 
temperatures. 


Non-magnetic. , SAR 
Minimum drift and hysteresis. / f ca 


, 














HELPFUL ENGINEERING INFORMATION contained 
in a new series of Beryllium Copper Technical Bulletins. If you wish 


to receive these regularly. write us a note on your company letterhead 


THE BERYLLIUM CORPORATION 


DEPT. 12, READING 9, PA. 


New York - Springfield, Mass. - Cleveland + Dayton - Detroit - Chicago - Minneapolis « Seattle - San Francisco - Los Angeles 
Representation in principal foreign countries 








December. 1950: Page 923 








Cast Al-Cu-Si 
Alleys 





(Continued from p. 922) 
plants which prepare secondary 
aluminum alloys by the ton. 

The authors made substantial 
heats of 15-kg. size, cast into Ger 
man standard types of sand and 
chill molds. The treatment was 
4 hr. at 930° F., water quenched and 

Yes, a new era... that of a reheated to 320° F. for various peri 

buyer's market. Now, more than Y ods from 6 to 50 hr. 

ever before, production musi be increased, quality maintained, and Z The research was done with 

lower prices must be made possible. ; : j high precision and the brief paper 

So, whatever your product may be, if it, or any of its component abounds in diagrams. There was 

parts, need be put through a carburizing process get Stanwood ly one trouble — the melts were 

Carburizing Boxes .. . incorporating the most advanced design and g as _- : 

proper materials. Light in weight, yet strong. Easier to handle Yj not degassed. The most important 

High resistance to heat and corrosion . . . stand up under rough Y component hydrogen was 

handling. Yes, the ’ neither evacuated nor evaluated. In 

now for catalog 16 this reviewer's experience, gas is a 

most prolific seurce of aluminum 
Siznweood. castings of poor mechanical 
characteristics. 

The best of the pure alloys con 
rae py tained about 5% Si and 2% Cu and 
—- showed, as sand cast, a_ yield 
strength of 9000 to 10,000 psi. (0.2 
in 10 cm.), tensile strength of 21,000 
to 23,000 psi., and 5 to 6% elonga 
tion. As heat treated: 23,000 psi 
34,000 psi., and 2%. 








: Of the binary alloys, one with 
for Annealing — Hardening — Drawing 7.6% Cu-—very close to the so 
shee a called American composition 
Carburizing —_ Normalizing _ showed 10,000 psi. vield and 15,000 
psi. tensile strength with 1.8% elon 
gation, as sand cast, and 20,000 psi 
21,000 psi., and 0.5%, as heat 
treated, It is, however, well known 
that our foundries used to turn out 
castings with 8% Cu made of low 
grade aluminum with a tensilk 
strength of at least 17,000 and fre 
quently 19,000 psi. as sand cast 
rhis reviewer never failed to obtain 








35,000 psi. tensile with 2% elonga 
tion in the 8% Cu alloy made with 
@ Oil, gas or electric. 99.7% Al, and heat treated, but of 
course hydrogen was eliminated t 
a very great extent and the density 
brought to a uniform level. 
Of the more complex alloys, the 
@ Accurate duplication of heat- authors obtained best results with 
ing results. 3% Si, 3% Cu, 0.3% Mg, 0.8% Mn 
@ Controlled temperature and and 0.5% Fe. They got 21,000 and 
atmosphere. 26,000 psi. for the vield and tensil 
18 stondard sizes. strengths, as sand cast, and 37,000 
May be provided with muf- 40,000, and 0.5%, as heat treated 
fles, cooling chambers, doors Perhaps the most valuable re 
Sameera oie alien game at both ends, etc. sults of this investigation are the 
Mo Write for Bulletin 413. diagrams showing age hardening at 
320° F. Hardness depends only 
Ww. S ROCKWELL COMPANY slightly on the hydrogen content 


which, as noted above, was not 
204 ELIOT STREET . ee men. B. | : 
evaluated . fe 


@ Wide heating range. 
@ Simple—rugged—economical 
@ Rapid, uniform heating. 





Rockwell builds many types of batch or con 
veyor furnaces ond ovens; strip ond wire 


winding ond cleaning machines; handling 
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THE QUALITY NAMES IN ALLOY 
FOR HEAT CORROSION ABRASION 


Unie Santa has put 
aside his big red bag. 


He 1s out prospecting for peace 


in the hearts of men. 


But from the blot of Korea 
through to the rubble of the 
Kremlin he will hunt until he 
finds and dig until he gets what- 
ever it takes of the invention, 
production, transportation, and 
propulsion to bring victory to the 
arms and ideals of freedom. 


That children should be born 
into a world without Christmas 
is unthinkable. 


This is total war. Uf we can all 
face the morrow with the cer- 
tainty that our loyalty, mental- 
ity and vitality are completel) 
dedicated to victory without com- 
promise, the tide will have 


turned. Let's pray in the neu 
year for intellectual maturity, 
that we may learn to think 
straight and vote straight. Dt- 
plomacy has lost; our best milt- 
tary brains should run the show 
from here in. We need Santa 
Claus on the home-front but we 
can get along without the Easter 
Bunny and the Mad Hatter.” 


— 


in “aditorial™’ by the President of Gener 
ore 


al Alleys Company, Boston oldest 
and largest exclusive manufactur { ame os 


of hea corrosson resistant (astimgs 


GENERAL ALLOYS COMPANY 


BOSTON «+ MASS. 








No. 46—Product of 
Westinghouse Electric Corp 
Mansfield, Oho 


A disc of Chace Thermostatic Bimetal provides 
immediate dependable protection against motor 
burnouts due to overloads in this new Westing- 


house automatic washer, the Laundromat”. 


The thermostatic bimetal disc and a heating 
element are mounted on a shaft which actuates a 
line switch in the timing mechanism. Should an 
overload occur, the heating element heats the 
bimetal disc, causing it to snap inward against a 
collar fixed to the shaft; this moves the shaft 
inward to open the line switch in the timer, 
stopping the Laundromat”. To re-start, the oper- 
ator pulls out the control dial, re-setting the 


overload switch 


The dependable response of this actuating ele- 
ment of Chace Thermostatic Bimetal backs up the 
well-known slogan: "You can be SURE. if it's 
Westinghouse. And you, too, can be sure 

with Chace Thermostatic Bimetal! If your product 
can be controlled by changes in temperature, 
take advantage of the services offered by our 
engineering d partment These include assistance 
in the design of an actuating element for your 
product, laboratory tests of its performance, and 
recommendations for production methods Get 
specific recommendations for your product from 


the Chace Application Engineer 


W. M. CHACE Co. 


1626 BEARD AVE., DETROIT 9, MICH. 





Move costs the right way 


ca 


~ 


. Spinning="4 
Fabricating 


Send For This 
Check List 
of Ideas 


There’s nothing static about Spincraft spinning and 
fabricating. It gives you a most flexible approach to design 
and production — whether quantities are large or small. 
Best of all, Spincraft methods eliminate high tooling costs; 
gain weeks of time; save many, many dollars. 

The scope of these abilities and facilities in all metals 
is highlighted in a new reference book that points the way 
to far greater economy in the production of many parts or 
products. Here is a source of practical how-to-do-it ideas 
plus solid engineering facts that is yours for the asking. 
Send for your copy of the Spincraft data book, now. 


4137 BAe 0 i ee aa 14 ee 


Neretofore known as Milwaukee Metal Spinning Co 
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(| Wii; 2=sparcs 


FURNACES 


for ANNEALING BRASS SHELL CASES 


ae 


This DESPATCH layout produces 
4800-20mm. shell cases per hour 


This compact and efficient layout requires a 
small investment, and a minimum of floor 
space. A comparatively small crew can con- 
trol the heat treatment of 4800—20mm. shell 


Cases per hour. 


FEATURES SMOOTH OPERATION— 


Blanks are brought from the presses to auto- 
matic washing machines, then are dumped 
into furnace baskets and carried by monorail 
to where they are placed into the loading 
chamber of the DESPATCH furnace for heat 
treatment. Monorail system then carries the 


blanks to the quench tank and from there into 





WRITE, PHONE, WIRE TODAY! 


Bive prints for the layouts of 20mm.—37mm 
40mm. and larger shell cases are available upon 
request. Layouts for heat treating projectiles also 
available. We assure you prompt delivery of any 
furnace you need in a hurry. Write, phone or 
wire for blue prints and quotations today 





a machine that automatically pickles, rinses 
and neutralizes them. After further machining 
operations the final stress relief is carried on 
in a batch type, truck loaded DESPATCH 
furnace. This is one of many plant layouts in 
our files for heat treating production of shell 


cases. 


Guaranteed Performance with 


DESPATCH "Gas Fired” FURNACES 


Be prepared for increased production capa 
city with absolute assurance of proper anneal- 
ing with uniform grain size in every load. 
DESPATCH furnaces are specially designed 
to give you faster heat transfer and uniform 


heat control to every part of the work chamber 


MINNEAPOLIS OFFICE 
619 S$. E. Eighth Street 


CHICAGO OFFICE 
7070 N. Clerk Street 


DESPATCH 


OVEN COMPANY 
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Columbia 


piete) Baik 


PRODUCTION 
BLANKING DIES — 
SUPERDIE eo 


ATM‘ DIE 
For larte sections 


EXLDIE 
Standard nor 


ro ' Gi; 
| 


resistance 


»-deformink 


COLUMBIA TOOL STEEL COMPANY 





For Brazing at 2050°F. 


Woven — ¢ quot 


are breaking 
records 
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NOW 


You can afford. 


High Vacuum 
pi 


vel ; i 


3 This * ONE 


Versatile Unit lets 
you melt, pour, 


th, heat treat, degas 











FEATURES — 


A: last there is now available a single @ Ultimate vacuum of less than @ Constant temperature zone 
furnace that does away with the need 5x 10-5 mm. Hg 6" x 2%" dia. 

to purchase equipment for each phase @ Working temperatures up to @ Power supplied directly from mains 
of your high-vacuum, high-temperature 2000° C to specially-designed variable auto 
transformer which is an integral 


work. Because of its modest price, it @ Temperature controllable 
part of unit 


will fall within the budget of most within — 5° C 


laboratories @ Hot zone reaches temperature 
within one minute 


Either manual or automatic temper- 
ature control or both 


With this new furnace you can melt 
and solidify — melt and pour — add to 
the melt — stir — look into the hort 
zone — measure hot zone temperatures 


Thermocouple vacuum gage is 
standard equipment. Other gages 
4" purifying type diffusion pump in- are available 

sures high capacity for out-gassing 


No refractories used in hot zone 


Furnished complete with vacuum 
Utilizes single turn low voltage re system, controls and gages includ- 
sistance element of either tungsten ing ammeter, volt-meter and tem- 
— degas — heat treat. It's a complete, or molybdenum 8" x 2%" dia se indicator 


versatile unit, capable of handling the 


, , > ly l rese 
widest variety of metallurgical research mi ara ee tins elles lnclidicitaiaiads Uae 
work. Write today WGK V oulpwent ATING » APPLIED PHYSICS 


eines baiciere Corporation 


Seventy Memorial Drive, Cambridge, Massachusetts 


— introduce controlled atmospheres 














- iti AMERICAN &f af 


December. 1950: Page 935 














You Should Have For Ready Reference... 
FOUR OF THE Most IMPORTANT 


METALLURGICAL BOOKS 
OF THE YEAR 





Casting of Brass and Bronze 


By Daniel R. Hull 
issistant Technical Mgr., The American Brass Co 


Here is an exceedingly important book, written with the searching 
analysis of metallurgy at its best. Daniel R. Hull puts down both the 
ractical and technical facts about Brass and Bronze casting during the 
ast fifty years 

Casting of Brass and Bronze does more than previous works have 
done. It vividly traces the development of Brass casting, both from 
the standpoint of melting practices and the aspects of the problem 
which are left to the ski!l of workmen—namely, shape of mold, condi- 
tion and nature of mold surface, and rate of pour. 

The author has made a vital and necessary contribution to one of the 
oldest of metallurgical processes by bringing it up-to-date 


192 pages....6 x 9....illustrated....red cloth....$4.50 


Mechanical Wear 


Edited by John T. Burwell, Jr., Associate Professor 
Department of Mechanical Engineering 
Massachusetts Institute of Technology 


Twenty-two men, Americans, British and Dutch, expert in various 
helds of this complex subject, participated in a summer conference on 
mechanical wear at M.1L.T. organized by Prof. Burwell. This book isa 
result of that meeting. It contains the original papers and discussion, 
as well as an inclusive summary of the present status of the problem 
by the conference's organizer. It is profusely illustrated, adequately 
indexed, and contains an extensive bibliography of the related literature 


CHAPTER CONTENTS 


Chapter 1. Dimensional Considerations in Friction and Wear, by 
C. Fayette Taylor. Chapter 2. Wear in Diesel Engines, by C. G 
Rosen. Chapter 3 ear of Automotive Engines—Cylinders and 
Rings, by Paul S. Lane. Chapter 4. Puel and Lubrication Factors in 
Piston Ring and Cylinder Wear, by A. G. Catsanco and E. 5. Staskman 
Chapter $. Chemical Aspects of Wear and Friction, by R. G. Larsen 


The American Society for Metals 
7301 Euclid Ave., Cleveland 3, Ohio 


Please send me 


Thermodynamics in Physical Metallurgy . $5.00 


Mechanical Wear 6.50 


) Casting of Brass and Bronze. 4.50 


Machining —Theory and Practice 6.450 


Name Title 


Firm Street 


City Zone State 


Check enclosed Bill me Bill my company 


and C. L. Perry. Chapter 6. The Vapor-Lubrication of Graphite in 
Relation to Carbon Brush Wear, by Robert H. Savage. Chapter 7 
The Wear and Damage of Metal Surfaces With Fluid Lubrication, No 
Lubrication and Boundary Lubrication, by F. P. Bowden and D. Tabor 
Chapter 8. Wear in Steam Turbines, by eoomen L. Mochel. Chapter 9 
The Need for Studies of “Real” Hydrodynamic Lubrication, by R. W 
Dayton. Chapter 10. The Dielectric Strength of Oil Film in Plain 
Bearings, by . Allen. Chapter 11. Gear Wear as Related to the 
Viscosity of the Gear Oil, by H. Blok. Chapter 12. Surface Deteriora 
tion of Gear Teeth, by J. O. Almen. Chapter 13. Recent Roll Tests on 
Endurance Limits of Materials, by E. Buckingham and G. J. Talbourdet 
Chapter 14. Hardness and [ts Influence on Wear, by Ragnar Holm 
Chapter 15. Wear of Metals Against Smooth Refractory Materials, 
by Lowell H. Milligan. Chapter 16. Friction and Wear of Some 
Powder Metallurgy Bronzes, by John Dedrick and John Wulff. Chap- 
ter 17. Summary of Factors in the Wear Process, by John T. Burwell, Jr 


375 pages....6 x 9....182 illus.....red cloth....$6.50 


Machining — Theory and 
Practice 
TABLE OF CONTENTS 


Metal Cutting: Art to Science, by Hans Ernst, Research Director 
Cincinnati Milling Machine Co.; Metal Cutting Research— Theory and 
Pe lication, by E. Merchant, Senior Research Physicist, Cincinnati 
Milling Machine Co.; Cutting Fluid Theory, by M. C. Shaw, Associate 
Professor of Mechanical Engineering, Massachusetts Institute of Tec 
nology; Development of the Macrostructure of Metals by Machining, 
by L. M. Clarebrough and G. J. Ogilvie, University of Melbourne; 
Materials and Machinability, by F Y. Boulger, Supervising Metal 
lurgist, Battelle Memorial Institute; Metallurgy and Machinability of 
Steels, by J. D. Armour, Chief Metallurgist, Union Drawn Steel Div 
Republic Steel Corp.; Tool Steels, by G. A. Roberts, Chief Metallurgist, 
Vanadium-Alloys Steel Co.; Cemented Carbide Tool Materials, by J. ( 
Redmond, Research Engineer and Chief Chemist, Kennametal, Inc.; 
Heat in Metal ¢ utting, by A. O. Schmidt, Research Engineer, Kearney 
& Trecker Corp.; om a of Machinability of Rolled Steels, Forgings 
aod Cast Irons, by Michael Field and N. Zlatin, Partners, Metcut Re 
search Associates; Tool Life Testing O. W. Boston, Professor of 
Metal Processing and Chairman of Department of Metal Processing, 
University of Michigan; Some Metallurgical Aspects of Grinding, by 
I Tarasov, Research Metallurgist, Norton Co.; Economics of Ma- 
chining, by W. W. Gilbert, Associate Professor, University of Michigan 


600 pages....6 x 9....200 illus.....red cloth. ...$6.50 


Thermodynamics in 
Physical Metallurgy 
TABLE OF CONTENTS 


The Principles of Thermodynamics, by P. W. Bridgman, Harvard 
University; Contributions of Statistical Mechanics, by C. Zenes, !nsti 
tute for the Study of Metals, University of Chicago; Application of 
Thermodynamics to Heterogeneous Equilibria, by L. S. Darken, U.S. 
Steel Corp., Application of lecmecnndies Force Measurements to Phase 
Equilibria, by P }. Dunkerley, University of Pennsylvania; Some Physical 
Interpretations of Constitution Diagrams, by A. W. Lawson, Institute 
for the Study of Metals, University of Chicago; Thermodyanamics of 
Liquids, by John Chipman, Massachusetts Institute of Technology, and 
John F. Elliott, U.S. Steel Corp.; Physical Factors Affecting Order, by 
Cc. E. Birchenall, Carnegie Institute of Technology; Nucleation, by }. H 
Hollomon, General Electric Co.; Precipitation, by Charles Wert, last 
tute for the Study of Metals, University of Chicago; Eutectoid Decompo 
sitions, by John Fisher, General Electric Co.; Martensite Transforma 
tions. by Morris Cohen, Massachusetts Institute of Technology: Mag 
netic Domains, by Lieuwwe Dijkstra, Institute for the Study of Metals 
University of Chicago; Principles Governing Solidification, by D. Turn 
bull, General Electric Co.; Role of Thermodynamics in Metallurgica 
Research, by J. B. Austin, U.S. Steel Corp 


419 pages -6x9 -red cloth $5.00 
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HOPE: 

For years, I’ve always stuck cotton in my 
ears whenever the Old Groaner opened 
his mouth. But now he’s got something 
that sounds good. Really good. Let’s hear 
it, kid. 


CROSBY: 

J 

Thank you Mr. Hope. You are kind, 
very kind. Ladies and gentlemen, this 
isn’t a song. It’s just a suggestion. This 
vear, let’s all give U.S. Savings Bonds 
for Christmas presents. Tell em about 
those bonds, Chisel Nose 


HOPE: 


Gladly. It’s all very simple—even 
Crosby understands how they work. 
In just ten years, they pay $4 for 
every $2 they cost. And they're ap- 
propriate for everybody on your 
Christmas list—young people, 
middle-aged people, and people as 
old as Crosby. Am I right, Bing? 


CROSBY: 


For once in his life the old Scene-Stealer 
is right. But seriously, folks, nothing 
makes a more welcome, more sensible 
present than U. S. Savings Bonds. And 
you can buy "em in any bank or post 
office. So— 


HOPE: 


So why not give the very finest gift in 
America—U. S. Savings Bonds! 


all... US. Saunas Bonds 


Contributed by this magazine in co-operation with the Magazine Publishers of America as a publu 


service 
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OPPORTUNITY 
POSITIONS OPEN 





Wanted — DISTRICT SALESMEN 
ROSSLYN METAL sheets and 
ELECTROSHIELD sheets. 


PITTSBURGH Wanted -—- A METALILURGIST 
Field contacts from home office. 
Some experience high temperature 
alloys. 


OUTLAST 3 l ina 
COMPETITION to cena 


says the Bastian Blessing Company, Chicago 

é ac ~ of sod: ‘ é < equi ent ba . x 
manufacturer of soda fountains and equipmen American ( ‘ladmetals Co. 
Here power-driven brushes are used to satin 
finish brass parts and debur small threaded parts HOME OFFICE AND ROLLING MILI 

Frequent breakdowns and changes forced the CARNEGIE, PENNSYLVANIA 
company to seek a superior brush. From a_ wide 
variety of makes, Bastian Blessing selected Pitts- 
burgh brushes because ‘‘these lasted three 














times as long as the nearest competitive 


brush tested,”’ . were softer, more flexible, “pUZ2ER HIGH Naaal Gas FURNACES 


and lasted longer . . . gave a better finish 


After three years of use, the company reports 
“Increased production, improved quality and 





freater material savings.”’ 


2400 F. 
Let PITTSBURGH” skilled brush attained quickly with 


engineers show you what they can do "BUZZER" Full Muffle 


Just tell us your special brush problems and our Furnaces 

staff of skilled engineers will quickly, efficiently Designed primarily for hest weeting 
design and build power-driven brushes to meet high carbon and alloy steels 
your requirements precisely 


Or you may find exactly what you are looking 





for in our regular Pittsburgh line . . . which in 
cludes sections, wheels and assemblies for every in NO BLOWER or POWER NECESSARY 
dustrial use, whether it’s glass, steel, or plastics --+ Just connect to gas supply 


paper, tires, shoes or automobiles 


For additional information, write or phone 
PITTSBURGH PLATE GLASS COMPANY, “BUZZER” Atmospheric 
Brush Div., Dept. W-7, 3221 Frederick Ave., Pot Hardening Furnaces 
Baltimore 29, Maryland. assure even heat up to 
1650° F. 
PITTSBURGH Used fer Salt, Cyanide and Leod 


Hardening. Alse adapted for 
Melting Aluminum. / 


Send for the complete 


BRUSHES “BUZZER” catalog today. 
BRUSHES - PAINT - GLASS - CHEMICALS - PLASTICS CHARLES A HONES loge 
. 5 e 


LG) PITTSBURGH PLATE GLASS COMPANY 123 So. Grand Ave. Baldwin, L.I., N.Y. 
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MERRILL WE CD EPEL offer 2 Hew 


LIFTING 
CLAMPS 


AERRILL 
ROTHERS 


56-31 Amold Ave., Maspeth, N.Y. 


Unit illvetreted = brazing 
corbide tips to cutting 
tools. Shanks up to 14" 

con be satistoc- 


KING PORTABLE aa 
BRINELL 


HARDNESS TESTER 


How many times have » - e ECONOMICAL 
you carried heavy work #54) | ; OPERATION 
to the Brinell Tester? | 
Too often, you'll say 
Here is « 26-lb. port- 
able tester you can easily 
take to the work and save 
time -— trouble by doing 
our Brinell work on the TEED 
job The King Portable ig e FULLY GUARAN EE 
rinell puts an actual ; 
load of kg on es |(Omm Py 
ball. It can be used in Le LOW COST ‘ 00 
an tion. * 
The test head is remov- » > — 780 
able for testing larger “ fq 


pieces the capac 
ity of the standard base Throat—é” deep. Gap—10" bigh 


OF cight— 26 Ibe. 
Let us show you how we can lighten 
your Brineil testing. 


ANDREW : 
KING on i 


NARBERTH. PENNA. 


WILL HEAT TO 150¢ 


LEPEL HIGH FREQUERCT LABORATORIES Inc. ? 


@ @ WRITE FOR LEPEL CATALOG mP.19 @ © 
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Stee! strip in single of multiple strands up to « totel width of 54° may be An EF electrically heeted special oti » Ht oright Hing 
bright led or lized ti ly. in this EF gas fired radiant tube six perelle! strands of cold rolled steel! strip, continuously. Handles single 
installetion. Capecity 7200 Ibs. per how cr multiple strands up to « tote! width of 30 





SOME TYPICAL INSTALLATIONS 


For Processing Strip 


Another EF gas fired radiant tube, continvows furnace for bright ennesling An EF specie! etmosphere furnace with heme preheating burn-off of oxidizing 
or normalizing cold rolled strip stee! Hes prehester or burn-of chamber section, and controlled hesting and cooling roses for producing verious 
and handles 2000 Ibs. strip per how surface conditions on strip stee! 


Designed and Built by 


The Electric Furnace Co., Salem, Ohio 


Gas Fired, Oil Fired and Electric Furnaces — For Any Process, Product or Production 


This EF combination fuel fired and electrically heated strip processing unit Stainless stee! strip iy bright of process ennesied continvowsly in this EF ges 
provides extreme flexibility in heating soeking end controlled cooling cycles fred specie! stmosphere tube mule type furnece. Ht cleo handles other 
tor treating various gredes of strip strip req a lower Dp 








Products bearing the registered trademark “dag” originate only 
with the Acheson Colloids Corporation, Port Huron, Michigan, or 
with Acheson Colloids Ltd., London, England. Acheson Colloids is 
the world’s largest producer of colloidal graphite dispersions for the 
metalworking and electronic industries, and also supplies dispersed 
pigments to a large segment of the color-consuming trade. The trade- 
marks “Oildag”, “Aquadag”’, “Prodag”’, “Glydag’”’, “Castordag”, 
“Varnodag” and “Gredag” identify particular products of Acheson 
Colloids Corporation or its affiliates, and are duly registered in the 


United States and in other principal countries of the world. 
] I 


DISPERSIO 


dl BELL fctesn Colis Corporation, Por rn, ihiga 


... alse Acheson Colloids Limited, London, England 





4) 
PROGRESS 





VOL. 3s98 
NOs. 1-6 
VOL. 60 











NOs. 1 - 6& 
i 
PUB. los 


UNIVERSITY MICROFILMS 
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RESOLUTION CHART 


100 MILLIMETERS 


INSTRUCTIONS Resolution is expressed in terms of the lines per millimeter recorded by a particular 
film un specified conditions. Numerals in chart indicate the num 


r of lines per millimeter in adjacent 
“T-shaped” groupings. 


In’ microfilr it is necessary to determine the reduction ratio and multiply the number of lines in the 
chart by this value to find the number of lines recorded by the film. As an aid in determining the reduction 
ratio, the line above is 100 millimeters in length. Measuring this line in the film image and dividing the length 
into 100 gives the reduction ratio. Example: the line is 20 mm. long in the film image, and 100/20 = $5. 


Examine “T-shaped” line groupings in the film with microscope, and note the number adjacent to finest 
lines recorded sharply and distinctly. Multiply this number by the re 
in lines per millimeter. Example: 7.9 group of lines is clearly recor 
not distinctly separated. Reduction ratio is 5, and 7.9 x § 
rily. 10.0 x § 


uction factor to obtain resolving power 

d while lines in the 10.0 group are 
39.5 lines per millimeter recorded satisfacto- 
§0 lines per millimeter which are not recorded satisfactorily. Under the particular condi- 
tions, maximum resolution is between 39.5 and 50 lines per millimeter. 


Resolution, as measured on the film, is a test of the entire photographic system, including lens, exposure, 
processing, and other factors. These rarely utilize maximum resolution of the film. Vibrations during 
exposure, lack of critical focus, and exposures yielding very dense negatives are to be avoided. 
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